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FOREWORD 


“ Australasian Annals of Medicine’’ has been established as the 
official organ of The Royal Australasian College of Physicians and 
is to be published in May and November of each year. 


Since its inauguration in 1938, the College has contributed to 
the stature of medicine in Australia and New Zealand by establishing 
standards of higher education in medicine and by promoting medical 
research. In the judgement of its Council the time has arrived for 
the publication of an Australasian journal devoted to internal medicine 


and the allied sciences. 


This journal is intended to cover a wide field. It will not be 
restricted to the work of members of the College, but is designed as a 
medium for the presentation of original work carried out and investi- 
gations made in medicine and the medical sciences in Australia and 
New Zealand. 


A. HoitMEs A Court, 


President. 
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NOTICE TO CONTRIBUTORS 


AUSTRALASIAN ANNALS OF MEDICINE is intended for the publication of original 
observations and research in internal medicine and the medical sciences in general 
by medical graduates and other scientific workers. Single case reports cannot be 
accepted unless they are made the subject of some original investigation. 


Articles submitted for publication are understood to be offered to AUSTRALASIAN 
ANNALS OF MEDICINE only, unless the contrary is stated. 


Articles submitted for publication should be typed with double or triple spacing, 
with a margin of at least one inch and with adequate space at the top and bottom 
of each sheet. Carbon copies should not be sent. 


References to articles and books should be carefully checked. They should 
conform to the Harvard System, appearing in the text as author’s name, followed 
by the year of publication, and listed alphabetically at the end with the following 
particulars : surname of author, initials of author, year, full title of article, name of 
journal abbreviated in the style of the ‘‘ Quarterly Cumulative Index Medicus ”’, 
volume, number of first page of the article. If a reference is made to an abstract 
of a paper, the name of the original journal, together with that of the journal in 


which the abstract has appeared, should be given with full particulars in each instance. 


When illustrations are required, good photographic prints on glossy paper 
should be submitted. Line drawings, charts, graphs and so forth should be drawn 
on thick white paper or special graph paper in Indian ink. Skiagrams can be repro- 
duced only if good prints are available. In the journal figures will as a general rule 
be either three or six inches wide, approximately. Lettering and other details 
should therefore be sufficiently large to allow such reduction without loss of clarity. 
The number of illustrations sent should be restricted as far as possible. Only a 
limited number are accepted without the making of special arrangements. 


Reprints can be supplied at cost price; the minimum number is 50 copies. 
Orders for reprints should be given when the author’s proof is returned. 


Editorial communications should be addressed to the Honorary Secretary of 
the Editorial Committee, The Royal Australasian College of Physicians, 145 Macquarie 
Street, Sydney. 


The journal is published in May and November of each year, and the subscription 
rate is thirty shillings per annum, payable in advance to The Royal Australasian 
College of Physicians, 145 Macquarie Street, Sydney. Advertising rates may be 
obtained on application to Australasian Medical Publishing Company Limited, 
Seamer and Arundel Streets, Glebe, Sydney. 
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THE CHEMOPROPHYLAXIS AND CHEMOTHERAPY OF MALARIA IN 
MAN WITH SPECIAL REFERENCE TO THE LIFE CYCLE* 


Str NEIL HAMILTON FAIRLEY 


Senior Physician, Hospital for Tropical Diseases (U.C.H.), London ; Honorary 
Consultant in Tropical Diseases to the Army, and to the Ministry of Pensions 


Tus lecture commemorates a distinguished 
Australian health worker and scholar, Frank 
McCallum, who died in 1946, soon after he 
assumed the position of Director-General of 
Health for the Commonwealth. McCallum 
was uniquely qualified, by training, experience 
and rare personal attributes, for the high 
position he occupied for such a tragically brief 
period. His death must be regarded as a 
grievous loss to the nation, as it was to his 
many friends. 


Frank McCallum was born at Ararat, Victoria, 
in 1890, and was a graduate of the Melbourne 
Medical School. His post-graduate education 
was planned with characteristic foresight and 
care to equip him for his life-work as a public 
health administrator. After strenuous war 
service in Gallipoli and France with the First 
Australian Imperial Force, he studied public 
health at the University of Melbourne, tropical 
medicine and statistics at the London School 
of Hygiene and Tropical Medicine, epidemiology 
at Johns Hopkins University, and_ public 
administration at the University of Sydney. 
He remained a student to the end of his days, 
and was endowed with a breadth of scholarship 
which is rare in our crowded times. 


As a senior officer of the Commonwealth 
Health Department, McCallum achieved an 
authoritative position in international health 
affairs, including quarantine, epidemiology, 
nutrition and the special problems of the 
Pacific Region. For many years he repre- 


1 The McCallum Memorial Lecture delivered at the 
School of Public Health and Tropical Medicine, 
University of Sydney, on November 21, 1951. 


sented the Commonwealth in London, and at the 
Health Organisation of the League of Nations. 
Alone, or in collaboration, he made considerable 
contributions on the epidemiology of disease in 


Australia. The subjects of his writings included 
international hygiene, the epidemiology of 
smallpox, intestinal infections in Australia, 


and the history of smallpox in this country. 
He was a leader of public health throughout 
the Commonwealth, and in the estimate of one 
perhaps best qualified to judge there was “ no 
other person in Australia with the same compre- 
hensive experience, or full knowledge of the 
problems to be faced in the near future ”’. 

Through his wide interests and activities, 
McCallum’s fine personal characters were known 
and appreciated throughout Australia. He 
had “‘a wide and understanding tolerance, a 
keen sense of humour, and an unaffected love 
for his fellow man’; a high sense of public 
service was inherent in his professional life. 

As Lecturer in International Health, Frank 
McCallum was a valued member of the teaching 
staff of the School of Public Health and Tropical 
Medicine. He constantly encouraged its 
activities. To the many benefactions of his 
working days were added, upon his death, the 
bequest of his library. He is remembered 
with respect and affection. 

Since the beginning of the present century 
the life cycle of the malaria parasite, with a 
schizogonous cycle in the red blood corpuscle of 
man giving rise to clinical attacks and a 
sporogonous cycle in the mosquito, appeared 
to be finally settled. Grassi (1900) had con- 
sidered there might be another developmental 
stage in man during the incubation period, but 
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after Schaudinn (1902) published his paper 
with drawings giving details of just how the 
sporozoites penetrated the red cells, the chain 
of events in the life cycle appeared complete. 


I. INDIRECT AND DIRECT EVIDENCE OF TISSUE 
STAGES IN THE MALARIA LIFE CYCLE 


Sergent and Sergent (1922) noted that though 
quinine destroyed malaria parasites after they 
appeared in the blood, it exerted no such effect 
during the incubation period. Yorke and 
Macfie (1924) reported that in trophozoite- 
induced vivax malaria transmitted by blood 
inoculation, radical cure could be obtained 
when quinine was given during the incubation 
period, whereas it merely prolonged the 
incubation period slightly in sporozoite-induced 
malaria acquired from infective mosquitoes. 

In January 1931, James (1931a) read a paper 
at the Royal Society of Tropical Medicine and 
Hygiene confirming these observations, but he 
still considered that Schaudinn’s account of the 
penetration of the corpuscle by the sporozoite 
was “so clear cut and detailed as to admit no 
question’. In the discussion which followed, 
Warrington Yorke (1931) was frankly sceptical, 
stating that he had spent many weeks trying 
to confirm Schaudinn’s observations without 
success, 

In August of the same year, James, Nicol 
and Shute (1931) reported the prevention of 
mosquito-transmitted vivax malaria in experi- 
mentally infected volunteers by the use of 
“Plasmoquine”’ ; 20 milligrammes were given 
on the day before exposure to infection and 60 
milligrammes for the following six days. James 
(1931c) considered these findings favoured the 
view that there was a tissue stage, and, in a 
paper read by Schiiffmer at Amsterdam in 
December, suggested the time had come “ to 
consider whether knowledge concerning the 
life cycle of the malaria parasite was complete 
or not”. It is interesting to note that the 
following year the volunteers in James’s 
experiment all developed vivax malaria, so 
what ‘‘ Plasmoquine ”’ had done was merely to 
delay the overt attack, and not prevent the 
infection as had been suggested. 


(I) AVIAN MALARIA 


The hypothesis that there might be a tissue 
phase in human malaria soon received support 
from the discoveries made in bird malaria in 
which James and his colleagues played an 
important part. James and Tate (1937, 1938) 
independently described the schizogonous cycle 
in the reticulo-endothelial cells and monocytes 
of fowls infected with Plasmodium gallinaceum, 


‘ 


and suggested the non-committal title ‘ exo- 
erythrocytic” be used to differentiate it from 
erythrocytic schizogony. In this work they 
observed the late tissue stage of the parasite. 
The early tissue stage, now generally referred 
to as “pre-erythrocytic”’, was discovered 
independently in P. gallinaceum by Midrow 
(1940) and Shortt, Menon and Iyer (1940). 


(2) MAMMALIAN MALARIA 


Efforts to discover the tissue phase of the 
malaria parasite in man were made during the 
war, especially in Britain and the United States, 
and intensified thereafter. It was at this 
critical stage that the subinoculation experi- 
ments by the Land Headquarters Medical 
Research Unit shed an important light. The 
results obtained showed beyond any reasonable 
doubt that there was both an early and late 
tissue phase in vivax malaria, and an early but 
not a late tissue phase in falciparum malaria 
(Fairley et alii 1945, 1947). These experiments 
revealed that after infected mosquitoes had 
bitten donor-volunteers, sporozoites could be 
demonstrated in the circulating blood of the 
donor up to one hour after biting ceased, 
provided massive injections of 500 millilitres 
of blood were given intravenously into non- 
immune recipients. Subinoculations then 
became negative, and remained so for six days 
in P. falciparum infections and for eight 
days in P. vivax. Then subinoculations invari- 
ably became positive ; some one to three days 
later parasites were demonstrable micro- 
scopically in thick blood smears and overt 
primary malaria developed. This _ clearly 
indicated there was an early tissue stage of 
development outside the circulating blood 
during the incubation period in both vivax and 
falciparum malaria. 

Following specific drug therapy in falciparum 
malaria, once a negative subinoculation had 
been established it remained negative and overt 
malaria failed to appear; in other words, 
radical cure was achieved. 

After effective treatment of the primary 
attack in vivax malaria, however, subinocula- 
tions which had been consistently negative for 
many weeks would suddenly become positive, 
parasites would appear in the blood films and 
overt attacks develop. Somewhat similar results 
were obtained from subinoculation in volunteers 
taking suppressive ‘‘ Atebrin ’’, only here overt 
attacks were observed only after cessation of 
the suppressive drug. These observations 
constituted strong presumptive evidence of the 
existence of a late tissue phase (exo-erythrocytic 
schizogony) in vivax malaria. 
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Shortt and Garnham (1948) demonstrated 
that both pre-erythrocytic and exo-erythrocytic 
schizogony occurred in the liver of monkeys 
infected with P. cynomolgi. Later, in association 
with Covell and Shute (1948), they found that 
in man a similar pre-erythrocytic stage occurs 
in the liver in P. vivax. Indirect evidence 
entirely favours the view that exo-erythrocytic 
schizogony is established and persists in P. vivax 
as it does in P. cynomolgi infection, though it 
has not yet been demonstrated. On the other 
hand, in malignant tertian malaria, no difference 
exists in the behaviour of trophozoite- and 
sporozoite-induced malaria to schizonticidal 
drugs—either type of experimentally induced 
infection responding in the same way to therapy. 
The results of subinoculation experiments in 
human volunteers at Cairns indicated that there 
was an early but not a late tissue stage, and 
this early or pre-erythrocytic stage of P. falci- 
parum has recently been demonstrated at the 
Hospital for Tropical Diseases, London, in the 
liver of a human volunteer, after he received 
718 infective mosquito bites (Shortt e¢ alit, 
1949, 1951). The earliest times pre-erythrocytic 
forms have been found in the liver to date are 
three to four days in P. cynomolgi, four days in 
P. falciparum, and six days in P. vivax. 


The success attained by Shortt and his 
colleagues, where so many others had failed, 
was no doubt mainly dependent on the intense 
hyperinfection adopted, and the improved 
technique devised for staining tissue parasites. 


II. ANTI-MALARIAL DruGS 
(1) INTRODUCTORY REMARKS 


By 1939 we knew much about quinine, a 
good deal about “ Plasmoquine ”’ (pamaquin) 
and a limited amount about “ Atebrin”’ 
(mepacrine), while the Germans, who had 
synthesized and patented “‘ Resochin ”’ (chloro- 
quine) and “‘ Soi.‘ochin ’’, were just beginning 
to investigate these drugs biologically for 
anti-malarial properties. 

During the war the synthesis and investigation 
of new anti-malarial drugs in Britain and the 
United States of America proceeded on a 
gigantic scale. In connexion with the discovery 
of proguanil (‘‘ Paludrine”’) by Curd, Davey 
and Rose (1945) over 1000 new compounds 
were produced and tested against bird malaria. 
In the United States of America more than 
14,000 new compounds were screened for their 
therapeutic action in bird malaria and over 100 
of these were subsequently tested in man 
(Wiselogle, 1946). The more promising of 
these drugs were sent to the Land Headquarters 
Medical Research Unit, Cairns, for testing for 


suppressive and chemoprophylactic action on 
experimentally infected volunteers under 
tropical conditions. 


Since the war, British work has largely been 
directed to studies and field trials of ‘‘ Paludrine” 
and the experimental production of resistant 
strains to this drug. Workers in the United 
States of America have concentrated largely 
on the synthesis, pharmacology and clinical 
and experimental chemotherapeutic trials of 
the 4-amino-quinoline and 8-amino-quinoline 
compounds. 

The more important anti-malaria drugs 
acting on the different phases of the malaria 
parasite now include: (1) the cinchona alkaloids 
(totaquine and quinine), (2) the 5-amino- 
acridines (‘‘Atebrin”’), (3) the 4-amino- 
quinolines (chloroquine and “‘ Camoquin”’), 
(4) the 8-amino-quinolines (pamaquin, penta- 
quine, isopentaquine and primaquine), and 
(5) the biguanides (“‘ Paludrine ’’). 


(2) PHARMACOLOGICAL CONSIDERATIONS 


As the asexual parasites which are responsibie 
for clinical symptoms undergo schizogony 
within the red blood corpuscles, any schizonti- 
cidal drug to be effective must be able to enter 
these cells in adequate concentration. With 
quinine the concentration attained may be 
only one-eighth that of the plasma (Taggart 
et alii, 1948). With mepacrine, chloroquine 
and proguanil the concentration in the corpuscles 
either equals that of the plasma or may 
considerably exceed it. Several factors besides 
permeability determine the concentration of a 
given drug within the corpuscle: these include 
the rate of its absorption from the gastro- 
intestine, the competition for the drug between 
the corpuscles and various body constituents 
such as the plasma proteins and tissue cells 
and the rate at which the body excretes and 
degrades it. 


Mepacrine, chloroquine and “ Sontochin”’, 
which are all rapidly absorbed, soon become 
localized in the tissues; as they are only 
slowly degraded and excreted, they persist in 
the body for long periods. The competition 
for such drugs between the tissue cells and 
corpuscles makes it necessary to give a “‘ loading 
dose’ if therapeutic concentrations are to be 
attained within the red cells. Furthermore,as 
reduction in the intracorpuscular concentration 
of these drugs is slow, therapeutic concentrations 
can be maintained by a low maintenance dose. 
These were the principles on which Shannon 
et alii (1944) based their therapeutic regime for 
mepacrine, and they hold equally for the 
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4-amino-quinolines such as chloroquine and 
“Sontochin ” (Schmidt, 1946; Berliner e¢ alii, 
1948). 

Proguanil is active in very low concentrations 
and attains a good plasma and red cell concentra- 
tion, so that although it is localized in the 
tissues for some time there is not the same need 
for a loading dose (Spinks, 1946; Maegraith 
et alti, 1946). 


The plasma concentrations of quinine and 
the 8-amino-quinolines fall very rapidly, largely 
as a result of degradation ; consequently with 
these drugs frequent high doses are required 
and not loading and maintenance doses. In 
the case of the 8-amino-quinoline derivatives 
the plasma levels obtained are much increased 
by the simultaneous administration of mepacrine 
and proguanil, but not by quinine (Zubrod 
et alti, 1948; Jones et alit, 1948). However, 
neither of these drugs appears to enhance the 
action of pamaquin or other 8-amino-quinolines 
in the radical cure of primary vivax malaria 
in the way quinine does. 


It has been appreciated for some time by 
clinicians that the blood concentration of an 
anti-malaria drug is not necessarily the whole 
story. It is now known that pamaquin itself 
is not the active anti-malaria agent in the 
radical cure of vivax malaria (Josephson et 
alii, 1950; Drake and Pratt, 1951), and there 
is evidence that proguanil is changed in the 
body into some more active substance (Hawking 
and Perry, 1948). As both of these drugs exert 
a direct action on the tissue stages of the malaria 
parasite in the liver, it is a fair assumption that 
the active agent must gain access to the infected 
hepatic cell for this purpose. On the other 
hand, chloroquine, which is an_ excellent 
schizonticide and is selectively absorbed by the 
liver, where it attains great local concentration, 
exerts no action whatever on the tissue stage 
of the parasite. 


(3) FACTORS MODIFYING THE THERAPEUTIC 
RESPONSE 


The asexual erythrocytic parasites are directly 
responsible for the clinical manifestations of 
malaria in man, and it is not surprising that the 
course of drug treatment necessary varies 
within considerable limits in non-immunes 
and those who have developed premunition 
or partial immunity. The factors which may 
modify the results obtained by specific therapy 
include the species of malaria parasite, the 
variety or strain of the particular plasmodium 
implicated, the presence or absence of partial 


immunity in the human host, racial considera- 
tions and the presence of intercurrent disease, 
nutritional deficiency or malnutrition. 


(a) Different Strains of Parasite 


Differences in strains of parasites of the same 
species do undoubtedly exist and may some- 
times, but by no means always, account for the 
different therapeutic results reported from 
different countries. James ef ali (1932) first 
demonstrated that his Rome strain of P. falci- 
parum required eight times as much quinine 
for its therapeutic control as an Indian strain 
of the same species. Similarly, the Costa 
strain of P. falciparum proved more refractory 
than the McClendon strain (Earle, Berliner et 
alit, 1948). Covell et alii (1949) found that a 
West African strain of P. falciparum was more 
refractory to the schizonticidal action of 
proguanil than the New Guinea strain of the 
same species studied at Cairns by Fairley et alii 
(1946) ; no difference, however, was noted in 
its action as a causal prophylactic. 


In P. vivax infections the Chesson strain was 
more refractory to quinine than the McCoy 
strain (Shannon ef alii, 1948), while the New 
Guinea strain investigated in experimentally 
infected volunteers at Cairns in 1943 failed to 
be suppressed by Io grains of quinine sulphate 
daily (Fairley e¢ alii, 1945). 


(b) Malaria Premunition 


In malaria the immunity response appears 
to be directed essentially against the asexual 
erythrocytic parasites, whereas the pre- 
erythrocytic and exo-erythrocytic parasites 
located within the liver cells apparently enjoy 
complete protection from the cellulo-humoral 
immunity response. 


Vivax Malaria.—This was well illustrated 
in the experiment demonstrating the pre- 
erythrocytic schizogony in vivax malaria by 
Shortt and his colleagues (1948). The volunteer 
was a general paralytic who had been experi- 
mentally infected previously with vivax malaria 
for therapeutic purposes. Though pre-erythro- 
cytic forms were demonstrated in the liver 
of this patient, he never developed overt vivax 
malaria following hyperinfection nor were 
asexual parasites demonstrable in thick blood 
smears. Premunity had been established as a 
result of previous infection with the same 
strain of P. vivax ; the immunization mechanism 
effectively dealt with parasitemia and prevented 
overt malaria developing. 
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Blackburn (1948) was able to show that 
untreated army volunteers experimentally 
infected by bites from New Guinea strains of 
P. vivax developed solid tolerance and anti- 
parasitic immunity to their infection after 
prolonged primary fever associated with 
splenomegaly and anemia. They developed a 
state of tolerance in which vivax trophozoites 
appeared in the peripheral blood from time to 
time in a density rarely exceeding one per cubic 
millimetre over several months of observation. 
Gametocytes were never seen during the 
period and mosquitoes fed on these subjects 
failed to become infected. At this stage the 
low densities of trophozoites caused no 
constitutional disturbances whatsoever ; 
ultimately, the infected volunteers became 
perfectly fit, red cell counts and hemoglobin 
values returned to normal and splenomegaly 
disappeared. Attempts to induce relapse by 
superinfection with the same strain of P. vivax 
were unsuccessful. 


Falciparum Malaria. — Experimental 
sporozoite-induced infection with P. falciparum, 
in members of a community subject to reinfec- 
tion in hyperendemic areas, may lead to 
transient parasitemia and fever, with or 
without recrudescences ; spontaneous recovery 
occurs without treatment in many instances. 
Treatment for a few days with small doses of 
quinine or other anti-malaria drugs will 
terminate the fever, generally eradicate 
parasitemia, and so produce radical cure. 
Some cases prove completely refractory to 
superinfection. If treatment were withheld, 
the same dosage of falciparum sporozoites 
would result in hyperinfection and death in 
members of a non-immune community. In 
hyperendemic areas premunition has to be 
paid for in terms of a considerable mortality in 
infancy and childhood and febrile attacks with 
anemia, hepatomegaly and splenomegaly, but 
once it is acquired and provided it be maintained 
malaria ceases to be a menace to the individual 
possessing it. 


(4) CHEMOTHERAPY IN RELATION TO VARIOUS 
STAGES IN THE LIFE CYCLE 


Chemotherapy will be first considered from 
the standpoint of the prophylaxis and 
suppression of malaria in non-immunes. The 
subinoculation technique adopted at Cairns by 
Fairley and his colleagues (1945, 1947) showed 
that the anti-malaria drugs could be classijied 
into two groups: (1) the causal prophylactics 
acting on the pre-erythrocytic cycle, and 


(2) the schizonticidal suppressants inhibiting 
and finally destroying the asexual erythrocytic 
parasites. 

Subsequently the action of anti-malaria 
drugs on other phases in the life cycle of 
P. falciparum and P. vivax will be considered. 
Special attention will be directed to the asexual 
erythrocytic cycle in overt malaria attacks, 
to the exo-erythrocytic cycle in relapsing vivax 
malaria and to the sexual cycle, that is, 
gametocytes in the peripheral blood as well 
as in the stomach of the mosquito. As 
there is no known drug which exerts a definite 
lethal or inhibiting action on the sporozoite, 
this calls for no further consideration. 


(a) Drugs Acting on the Pre-Erythrocytic 
Cycle 


Drugs having a direct action on the pre- 
erythrocytic cycle belong either to the 
biguanides or the 8-amino-quinoline series. 
Work on experimentally infected volunteers 
indicates that in falciparum malaria “ Paludrine”’ 
is a true causal prophylactic destroying the 
pre-erythrocytic parasites in the liver and so 
preventing the appearance of asexual parasites 
in the blood (Fairley e¢ ali, 1946). In vivax 
malaria it acts as a partial causal prophylactic 
inhibiting the pre-erythrocytic cycle which 
results both in prolonging the time before 
asexual parasites appear in the blood and in 
delaying the onset of overt malaria (Fairley 
et alti, 1946). Unfortunately to obtain a similar 
result with pamaquin and other 8-amino- 
quinolines these drugs have to be given in a 
dosage which is too toxic for routine use except 
possibly in the case of primaquine (Edgcomb, 
Jeffery et alit, 1950). 


(b) Drugs Acting on Asexual Parasites in 
the Blood 


(i) Schizonticides as Suppressants of Malaria.— 
The suppressant and possible curative action of 
drugs like quinine, “‘ Atebrin ’”’ and chloroquine 
is dependent on their being present in sufficient 
concentration in the blood at the time merozoites 
are escaping into the circulation following 
rupture of the pre-erythrocytic schizonts in the 
liver. 

Though parasites may never be demonstrable 
even in thick blood films during the period of 
daily administration of these drugs, sub- 
inoculations of 200 millilitres of blood collected 
from infected volunteers on the seventh day 
in mulignant tertian malaria and the ninth 
day in benign tertian malaria invariably produce 
overt malaria in non-immune recipients, showing 
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that suppression is being achieved by 
schizonticidal action and not by direct effects 
on the pre-erythrocytic parasites. 


Quinine.—The great drawback to quinine as 
a suppressive drug is that in a dosage of even 
10 grains daily it often fails to produce radical 
cure of malignant tertian malaria and leads to 
a chronic latent or recrudescing infection in 
the presence of which blackwater fever is apt 
to develop. For this reason, if for no other, 
quinine is not the ideal suppressive drug and 
its use by Europeans should be discontinued. 


Sulphonamides. — Sulphadiazine, — sulpha- 
merazine and sulphamezathine have all proved 
ineffective suppressants of both trophozoite 
and sporozoite induced vivax malaria in a 
dosage of 1-0 gramme daily. In falciparum 
malaria they have generally proved effective 
suppressants in this dosage and produced a 
high proportion of radical cures. 


Mepacrine.—The chemotherapeutic control 
of malaria by mepacrine was achieved by allied 
troops in the Pacific and South-East Asia 
commands during the later phases of the 
second world war. Early in 1943, military 
volunteers were experimentally infected with 
New Guinea strains of malaria and it was 
conclusively demonstrated that in P. falciparum 
infections overt malaria failed to develop and 
radical cure resulted, provided the correct 
regime of mepacrine administration was 
instituted under controlled conditions prior to, 
during, and after exposure to infective mosquito 
bites. In these volunteers subinoculations, 
which were found to produce positive results 
over a period of from seven to twelve days 
after infective biting, soon produced negative 
results and overt attacks failed to appear. 
Volunteers infected with P. vivax failed to 
develop malaria fever when receiving mepacrine 
in the appropriate dosage, but they did so two 
to seven weeks after administration of the drug 
was stopped. In jungle warfare troops generally 
acquired mixed infections, and to reproduce 
field conditions experimentally it was necessary 
to expose volunteers repeatedly over a period 
of several months to large numbers of 
mosquitoes, some being infected with P. falct- 
parum, others with P. vivax. During this 
period volunteers were subject to intense 
physical fatigue, severe cold, anoxia as in flying 
at high altitudes, and blood loss, but in no 
instance did overt malaria develop provided a 
strict mepacrine regime was followed. On an 
average of about thirty days after the stopping 
of the drug, overt benign tertian malaria 
appeared with great regularity, but not 
malignant tertian malaria. 


These experiments had considerable military 
significance, as they indicated that troops, 
while under a proper mepacrine regime, could 
fight without significant malaria casualties 
in hyperendemic areas where similar strains of 
falciparum parasites abounded. The experi- 
ments also implied there should be no deaths 
from malaria, no malaria casualties and no 
blackwater fever, provided the daily dose of 
O-I gramme was continued for three to four 
weeks after ma_aria infected areas were left. 


When the results of these experiments were 
reported to the military authorities, disciplinary 
measures in regard to mepacrine administration 
were widely enforced. Malaria casualties 
rapidly diminished in the South-West Pacific 
and South-East Asia commands and with few 
exceptions malaria ceased to be a disease of 
major importance to the Allies during jungle 
fighting (Fairley et alii, 1945). Later, in 1945, 
as well as the universal mepacrine-sensitive 
strains, a relatively insensitive strain of 
P. falciparum began to appear amongst some 
of the troops of the Sixth Australian Division 
located in the Aitape-Wewak area of New 
Guinea; this strain required 0-2 gramme 
daily for its suppression and larger doses than 
usual for therapeutic purposes. Both strains 
proved equally sensitive to proguanil 
(“ Paludrine’’) and chloroquine (Fairley et 
alii, 1946). 

Chloroquine and Related 4 - Amino - 
Quinolines. — Chloroquine (‘ Aralen”’) and 
“Sontochin ” were first tested for suppressant 
and prophylactic action in military volunteers 
at Cairns during the 1943-1944 period. 


The suppressive dosage used was 50 to 100 
milligrammes daily of chloroquine, and 100 to 
200 milligrammes of ‘“ Resochin’’. Results 
identical in all respects with those outlined 
for mepacrine were obtained. Malignant 
tertian malaria was suppressed and radically 
cured, while benign tertian malaria was 
suppressed but relapsed later. Since then 
chloroquine in a dosage of 0-3 gramme 
(base), that is two tablets once weekly, 
has been found to be an _ excellent sup- 
pressant in India, Panama, Malaya and 
elsewhere. “ Camoquin Hydrochloride ”’, 
another promising member of the group, is still 
under field trial. For suppressive purposes, three 
tablets (0-6 gramme base) are advised every 
two weeks. It was found by Coatney ef alii 
(1950) to be an effective suppressant in 
volunteers experimentally infected with P. vivax 
(Chesson strain) in a single dose of 0-3 gramme 
(base) each week. 
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(ii) Schizonticides in the Clinical and Radical 
Cure of Overt Malaria.—Oral Medication.— 
In gi neral it may be said that the drugs capable 
of accing as effective schizonticidal suppressants 
of malaria are also capable of producing clinical 
and radical cure of falciparum malaria and 
clinical cure of vivax and quartan malaria. 
The action of the cinchona alkaloids, especially 
of quinine in adequate dosage (20 to 30 grains 
daily) over a period of two to three weeks, is 
well-known in this respect. 


Provided a large initial loading dose is 
prescribed, the administration of 3-0 grammes 
of “ Atebrin”’ over a period of seven days 
results in the radical cure of falciparum malaria 
in most instances; for the clinical cure of 
benigh tertian malaria, a less intensive course 
suffices. Mepacrine is a somewhat more rapid 
and effective schizonticide than quinine 
administered by the oral route. 


Chloroquine probably terminates the clinical 
attack and eliminates parasites more rapidly 
than any other schizonticide. Its oral adminis- 
tration over a three-day period (total 1-5 
grammes base) is accompanied by a high 
radical cure rate in falciparum malaria and is 
stated by Coatney (1949) to be superior to a 
seven-day course of mepacrine (total 3-0 
grammes). As with mepacrine, it is necessary 
to employ a large loading dose on the first day, 
that is 0-9 gramme (base). It does not discolour 
the skin and has little or no tendency to produce 
major toxic symptoms. Available information 
suggests that chloroquine given by the mouth 
is the most potent schizonticidal drug at 
present available. 


“Camoquin ”’ appears to be a very efficient 
schizonticide in vivax and falciparum malaria, 
but like the other 4-amino-quinolines it has no 
action on the pre-erythrocytic or exo-erythro- 
cytic parasites in the liver or on falciparum 
gametocytes. The therapeutic dose advocated 
for adults is three to five tablets (0-2 gramme 
base each) taken as a single dose ; for children 
the dosage is computed on the basis of I0 
milligrammes per kilogram. 


Proguanil (‘‘ Paludrine”’) also possesses 
definite schizonticidal action, and the radical 
cure rate has proved high with New Guinea and 
certain other strains of P. falciparum. Its 
action, however, in this respect is sor:ewhat 
slower from a clinical viewpoint, and parasites 
sometimes take longer to disappear from thick 
blood films than with mepacrine and the 
4-amino-quinolines. Therapeutic trials in Africa 
have yielded divergent results. In a strain of 
P. falciparum investigated by Covell and his 


, 


colleagues (1949) from West Africa (Lagos) 
nine out of ten persons with overt primary 
malaria treated with 0-6 gramme of proguanil 
daily for ten days had recrudescences within 
three weeks. When proguanil was reinforced 
with mepacrine (0-9 gramme) on the first day, 
radical cure resulted. One unfortunate feature 
of proguanil administration is the remote 
possibility that resistance to it may develop. 
Under artificial experimental conditions a 
proguanil-resistant strain has been produced 
against P. vivax (Seaton and Lourie, 1949; 
Cooper et alii, 1950) and P. falciparum (Seaton 
and Adams, 1949). There is also some evidence 


that schizonticidal resistance may develop 
after long periods under field conditions 
(Edeson and Field, 1950; van Goor and 


Lodens, 1950). For this reason, when overt 
malaria develops in patients taking proguanil 
prophylactically, chloroquine and not proguanil 
therapy should be adopted to ensure radical 
cure in the acute attack. 

In considering strain’ resistance to 
“Paludrine’’, however, it is necessary to 
determine whether this affects (I) asexual 
parasites as shown by ineffective schizonticidal 
action, (2) pre-erythrocytic parasites as indicated 
by failure of prophylactic and suppressive 
action to infective biting, (3) gametocytes as 
indicated by failure of gametocidal action in 
known carriers. 

Actually in the naturally occurring so-called 
resistant strains of parasites so far studied in 
man, there is evidence of decreased sensitivity 
of the asexual parasites to the schizonticidal 
action of ‘“‘ Paludrine’’, but not of increased 
resistance of pre-erythrocytic parasites to this 
drug. Covell et alit (1949) also investigated 
the causal prophylactic action of proguanil 
in general paralytics infected with the West 
African strain of P. falciparum already referred 
to, which was relatively insensitive to the 
schizonticidal action of the drug. They found, 
however, even with this strain, that complete 
protection was afforded and malaria prevented 
by proguanil when given in doses of (1) 50 to 
100 milligrammes daily, (2) 100 milligrammes 
twice a week at intervals of three to four days, 
or (3) 300 milligrammes once weekly. 


Perhaps this is not surprising as Fairley et alii 
(1946) found that one single dose of 10 milli- 
grammes of “ Paludrine” given 48 to 120 
hours after infection completely protected six 
out of eight volunteers from malaria, whereas 
a single dose of 300 milligrammes failed to 
prevent an overt attack when given 168 hours 
and 192 hours after infection, at a time when 
asexual parasites were present in the blood. 
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This suggests that pre-erythrocytic parasites 
are much more sensitive to “‘ Paludrine” than 
asexual parasites, even with a strain like the 
New Guinea one, which is sensitive from a 
schizonticidal viewpoint. 

Most of the alleged failures of ‘‘ Paludrine ” 
as a prophylactic and suppressive drug in the 
field appear to be due to irregular intake and 
inadequate dosage rather than to genuine 
strain resistance. In any critical investigation 
chemical examination of the urine for 
“Paludrine’’ should be undertaken as a 
routine procedure ; unless this is done great 
care is necessary before concluding that overt 
malaria is due to any factor other than defective 
administration of the drug. 


In partial immunes not taking “ Paludrine ’ 
for prophylactic purposes, a single dose of 
0-3 gramme of this drug generally produces 
clinical cure of overt attacks of benign tertian 
and malignant tertian malaria and would 
appear to be a rational procedure on economic 
and other grounds, provided schizonticidal- 
resistant strains do not develop. 


Intramuscular and Intravenous Medication.— 
In hyperinfections with P. falciparum slow 
intravenous injections of quinine bihydro- 
chloride (10 grains) or intramuscular injections 
of “‘ Atebrin ’’ musonate (0-36 gramme) should 
be given without delay and repeated in a few 
hours when necessary. More recently Scott 
(1950) has reported on the efficacy of chloroquine 
dihydrochloride intravenously in 110 patients 
with falciparum malaria, three having cerebral 
symptoms. Slow intravenous injections by the 
syringe technique produced a considerable fall 
in systolic blood pressure, dizziness and other 
symptoms, and for these reasons it was 
abandoned in favour of giving the standard dose 
of 400 milligrammes (base) in 500 millilitres of 
sterile saline by intravenous drip, taking one 
hour. With this technique no serious toxic 
symptoms ever developed, the temperature 
fell to normal within an average of 12 hours 
(two to 22 hours) and parasites disappeared 
from thick films in 46 hours (seven to 72 hours). 
No parasitemia or recrudescences were observed 
after an average stay in hospital of seven days, 
but as the patients were all given an oral course 
of chloroquine diphosphate (1-5 gramme base) 
on discharge the radical cure rate could not be 
assessed. Scott considers a single injection of 
chloroquine dihydrochloride (400 milligrammes 
base) administered as a drip infusion to be the 
best method of treating patients severely ill 
with falciparum malaria. 


(5) DRUGS ACTING ON THE EXO-ERYTHROCYTIC 
CYCLE IN VIVAX MALARIA 


Clinical cure of mosquito-transmitted vivax 
malaria (sporozoite-transmitted) by any of the 
better known schizonticidal drugs is readily 
attained, as is radical cure of vivax malaria 
transmitted by inoculation of blood containing 
asexual parasites (trophozoite-transmission). 
Radical cure of sporozoite-transmitted malaria 
is, however, quite another problem, and for its 
solution it is necessary to employ one of the 
8-amino-quinolines such as pamaquin, penta- 
quine, isopentaquine or primaquine in combina- 
tion with quinine. All these compounds are 
similar to pamaquin, differing only in their 
terminal amino group in the aliphatic side 
chain in the 8-position on the quinoline nucleus 
(Edgcomb, Jeffery et alii, 1950). 

Sinton and Bird (1928) first demonstrated the 
low relapse rate in India (88%) when vivax 
malaria was treated with quinine and “ Plasmo- 
quine’’ (pamaquin) some twenty-three years 
ago. Unfortunately, owing to the exaggerated 
views of the toxicity of pamaquin and the 
opposition of malariologists in the League of 
Nations, this method of treatment was largely 
discarded. It was revived only in the later 
stages of World War II. As this treatment 
is equally effective, whether it is given during 
an overt attack or in the latent period when 
asexual parasites are absent from the blood, the 
radical curative action of these drugs can be 
only on the late exo-erythrocytic forms in the 
liver. Quinine in adequate dosage not only 
destroys the erythrocytic asexual parasites 
preventing recrudescences in vivax malaria, 
but it exerts a synergistic action on the 8-amino- 
quinoline compounds or their active derivatives, 
enabling them to destroy exo-erythrocytic 
parasites more effectively, so preventing 
relapses. 


Toxicity of 8-Amino Quinolines 

Toxic manifestations include gastric-intestinal 
symptoms like nausea, vomiting, abdominal 
colic and methemoglobincythemia which are 
of little significance; rarely more severe 
manifestations such as hemolytic anemia, 
hemoglobinuria and agranulocytosis appear. 
Both the last mentioned features call for 
immediate cessation of treatment. Isopento- 
quine is the least toxic and shows less tendency 
to methemoglobincythemia than the others. 
Isopentoquine can be given in a maximum of 
240 milligrammes (base) daily for several 
weeks ; with primaquine this dosage produces 
severe toxic symptoms within a week. The 
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maximum tolerated dose of pamaquin was 
go milligrammes (base) per day and that of 
pentaquine is 120 milligrammes, but severe 
damage to the nervous system may result with 
this dosage. The toxicity of primaquine tends 
to be cumulative and in some instances begins 
late in the course of drug administration and 
continues for several days after its discon- 
tinuance. The tendency to methemoglobin 
formation within the corpuscle is stated to be 
reduced 50% when quinine is administered 
along with primaquine. 


Therapeutic Value 

Little difference in therapeutic value exists 
between pamaquin and pentaquine, so the 
latter need not be considered further. 

When pamaquin, isopentaquine and prima- 
quine are compared the chemotherapeutic index 
is considered to be 1: 2$: 10. On an equal 
weight basis, primaquine proved about four 
times as active as the best of the other members 
of the pamaquin group in the radical cure of 
vivax malaria (Chesson strain) treated during 
the stage of primary fever. The infections 
were sporozoite-transmitted by bites from ten 
heavily infected mosquitoes. These three drugs 
have been shown in field studies to be active in 
doses one-half to one-third as great as those 
necessary to produce equivalent results against 
the standard test strain of vivax malaria 
(Most et alii, 1946; Alving, 1948; Coggeshall 
and Rice, 1949). 

In these experimental prison volunteers 10 
out of 10 with primary vivax malaria and 20 out 
of 21 with relapsing vivax malaria were radically 
cured when 30 grains of quinine and 22-5 
milligrammes of primoquine were given daily 
in divided doses every four hours for fourteen 
days. It is probable that naturally acquired 
infections are cured by even smaller doses of 
primaquine diphosphate and it is suggested that 
primaquine (7:5 milligrammes base) and quinine 
(five to 10 grains) administered at eight-hourly 
intervals for fourteen days would suffice (Edg- 
comb, Jeffery et alii, 1950). 


(6) GAMETOCIDAL DRUGS 


Though the malaria carrier is a menace to 
the community, especially where malaria is 
endemic, the treatment of carriers has generally 
attracted less attention than its importance 
merited. In hyperendemic areas of malaria, the 
most effective carriers are generally infants and 
young children, rather than older members of 
the community who have developed pre- 
munition or partial immunity as a result of 
repeated infection. Amongst non-immunes, 
carriers are as frequent in mature adults as in 


young children. Any schizonticidal drug, by 
terminating fever sufficiently early in the 
malaria attack and cutting short the trophozoite 
wave, may prevent or limit the development of 
the gametocyte wave (secondary gametocidal 
action). Following a bout of fever lasting a 
sufficient time, mature gametocytes of P. falci- 
parum may appear, persisting in the circulating 
blood up to five or six weeks: those of P. vivax, 
however, disappear about the same time as the 
fever is terminated and asexual parasites are 
destroyed by schizonticidal drugs. Quinine 
inhibits the growth of very young falciparum 
gametocytes and growing vivax gametocytes, 
but not the mature forms of either species of 
parasite. “‘ Atebrin’’ (mepacrine) affects only 
the growing gametocytes of P. vivax (Mackerras 
and Ercole, 1949a,  1949)). Pamaquin 
(“‘ Plasmoquine ”’) is the best known polyvalent 
gametocide, acting on all stages of the gameto- 
cytes of P. falciparum and P. vivax. It is 
probable that the other 8-amino-quinolines, 
that is, pentaquine, isopentaquine and 
primaquine, are also good polyvalent gameto- 
cides, but unfortunately they have not yet 
been investigated from this viewpoint. In a 
total dosage of 30 milligrammes (base), that is 
10 milligrammes (base) thrice daily for one to 
two days, pamaquin renders falciparum gameto- 
cytes non-infective to mosquitoes within 
twenty-four hours, and causes their dis- 
appearance from the blood of carriers in three 
to seven days. 


In Australia Mackerras and Ercole (1947) 
found that proguanil (“ Paludrine’’) exerted 
no effect on the number or morphological 
appearance of falciparum or vivax gametocytes 
in the blood of carriers (New Guinea strains), 
yet in the stomach of the mosquito develop- 
ment never proceeded beyond the small odcyst 
stage provided proguanil was present even in 
small quantity in the blood feed. The same 
effect was produced by permitting mosquitoes 
in the first instance to engorge partially on a 
normal person taking 0-I gramme of proguanil 
daily, and then allowing them to complete their 
feed on an untreated carrier with plentiful 
gametocytes in the blood. Shute and Maryon 
(1948) confirmed these findings, using a 
Roumanian strain of P. falctbarum, and 
suggested it was the female gametocyte on 
which the drug acted. 


These experimental findings suggest that it 
would be difficult for mosquitoes, which were 
feeding on the blood of a population many of 
whom were taking prophylactic “‘ Paludrine ’’, 
to develop sporozoite infection of the salivary 
glands. 
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THE HASMODYNAMICS OF SUBINTIMAL HAEMORRHAGE 


E. S. J. KinG 
Department of Pathology, University of Melbourne 


Whenever he (Anaxagoras) can, he gives a 
mechanical explanation. 
—Bertrand Russell, The History of 
Western Philosophy. 


it is natural, viewing phenomena from the 
limited vantage-point of part of a fleeting 
lifetime, that we should regard our knowledge 
as being relatively fixed. In a_ profession 
where some degree of apparent omniscience 
appears to be psychologically necessary this 
idea is encouraged. That it is not fixed but 
that we are contemplating merely one point 
on an undulating line which shows wide ranges 
of knowledge and viewpoint is easily appreciated 
if we stand back and consider a length of this 
line, that is to say, some of our history. 


The pendulum has swung from a mystical 
to a rational view and back again continuously, 
if irregularly, through the ages. The point 
of view that biological phenomena are to be 
explained best by way of some vital force, has 
held sway over long periods even until quite 
recently. Although the majority has preferred 
the mystical approach, there have always been 
some such as Anaxagoras, Democritus, 
Erasistratus, Roger Bacon, William of Occam, 
Francis Bacon, Descartes and an increasing 
number in modern times who have emphasized 
the importance of the scientific approach to 
problems. At the moment we are convinced, 
as much as our immediate ancestors were to the 
contrary, that this dependence on physical 
laws will bring us most surely and quickly to 
the truth. It is thus commonplace nowadays 
to appreciate the necessity of applying physical 
laws, as they are seen to work with inanimate 
objects, to biological phenomena. 


Despite the prevalence of this point of view— 
and it is doubtful if any modern physician would 
deny it—there is some hesitance in the actual 
application of such laws to many phenomena. 
This is partly because a remnant of the strong 
attraction of the supernatural for the human 
mind inhibits a scientific attitude and also 
because the clinical art does not necessarily 
encourage the meticulous checking of all details 
of hypotheses in the manner which, sooner or 
later, they will demand. 
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The hypotheses developed to explain 
phenomena thus often contain components 
which will not bear critical examination in the 
light of physical laws. This is due to the two 
features mentioned. First, though it is 
uncommon these days, the authors of the 
hypotheses occasionally frankly prefer a 
vitalistic approach or else consider and state 
that the phenomena are inexplicable on any 
other basis, and secondly others merely show 
a lack of appreciation of the importance of 
physical factors and the necessity for being 
certain that the individual parts of the 
hypotheses will sustain examination from the 
physical viewpoint. 

Thus we find, on examination of the details 
of an hypothesis, that a particular structure or 
part of an organ or tissue is thereby endowed 
with special powers which may seem plausibie 
enough until they are examined closely. If 
we put this in terms of physics these tissues 
are assumed to develop energy, that is, they 
produce pressures, electrical potentials arise 
or flowing materials develop speeds which are 
greater than could occur in comparable circum- 
stances in inanimate material. It is proposed 
here to examine a recent hypothesis which, 
judging by the recent literature, has become 
widely popularized. 

This hypothesis states that an important 
cause of cardiac infarction is obstruction to a 
coronary artery by a subintimal hemorrhage or 
hematoma which projects into the vessel and 
completely or partially occludes it (Nelson, 
1941; Paterson, 1938; Wartman, 1938; inter 
alios). The hemorrhage arises from small 
vessels in the wall and it should be apparent 
that the pressure developed must be greater 
than that in the lumen of the main vessel. 


CORONARY OCCLUSION 


Cardiac infarcts, like those in other organs, 
are due to a sudden diminution in the supply of 
nutriment to the tissue. The suddenness of 
onset of the phenomenon as well as its serious 
effects on the myocardium appears to demand 
a gross cause in the form of a morphologically- 
demonstrable obstruction to the appropriate 
coronary vessels. 
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When the condition was first recognized it 
was considered that this obstruction must be 
of an obviously mechanical kind due to such 
as an embolus or thrombus, and this point of 
view was reflected in the name that was then 
given to the condition, namely, coronary 
thrombosis. As more attention was given to 
the post-mortem findings in this disease, it was 
found that there were many cases in which a 
gross or complete obstruction to the significant 
vessels could not be found. It was seen, 
however, that in practically all cases there was 
disease of the coronary arteries and some 
narrowing of the lumen so that gradually the 
term ‘coronary occlusion”? came to be 
employed. 

It thus became necessary to consider altera- 
tions and variations in pressure in the coronary 
tree, changes in the oxygen-carrying power of 
the blood, or of the amount of oxygen in the 
blood and other such morphological intangibles 
which, though presenting no problem to those 
who appreciate the importance of physiological 
changes, appear to have made considerable 
difficulties for the morphologically minded. 

In the last fifteen years, since Paterson 
(1936) made his deductions on observations 
of hemorrhages in the wall of the coronary 
vessels, attention has been directed more and 
more to the presence of these in cases of cardiac 
infarction. That they are present in the vessels 
in at least some of the cases of coronary occlusion 
and cardiac infarction is an easily confirmed 
observation (Figure I) but, presumably in 
response to the demand for a gross morpho- 
logically-demonstrable precipitating cause of 
cardiac infarction, these have come to be 
regarded as an important exciting cause of this 
condition. 

At first sight this seems to be an adequate 
and satisfying explanation for many of the 
cases. The hemorrhage may be seen in an 
atheromatous plaque projecting into a vessel 
and in such cases the lumen is greatly diminished 
in this region, sometimes to a slit. In some 
cases also there is a superadded thrombosis 
in the region of this hemorrhage. 


However, it is important to appreciate that 
the proponents of this view have exploited all 
the positive evidence to the full but that the 
negative evidence has been ignored. 


PHENOMENA OF SUBINTIMAL 
HAMORRHAGE 
As mentioned earlier, subintimal hemorrhages 


may be seen in a considerable number of the 
cases of cardiac infarction. The observations 


may be arbitrarily divided into two groups 
according to whether they support the 
hypothesis that the hemorrhage plays a 
significant part in the development of the 
coronary obstruction or that they do not. 

The positive observations are : 

(i) The hemorrhages are often present. They 
are found in a significant number of cases of 
coronary occlusion and may be found in a 
vessel related to the area of muscle which has 
undergone necrosis. 





Ficure I. 
Photomicrograph of a section of a coronary vessel which shows a 
gross degree of occlusion so that the lumen is reduced from about 
a third to a quarter of the normal. There is a subintimal hemorrhage 
projecting slightly into the lumen on one aspect. x 10. 


(ii) The hematoma produced from the hemor- 
rhage may project into the lumen. It may be 
so large that the lumen may be almost or quite 
obstructed. 


(iii) In some of these cases thrombosis occurs 
in the area so that the obstruction to the vessel 
is complete (Figure II). 

As an explanation of the mode of development 
of a hemorrhage in an area which is usually 
avascular it is noted that frequently there are 
capillary vessels in the atheromatous plaque 
(Leary, 1938). Such vessels, which may develop 
(on the deep aspect) from vasa vasorum, may 
be found also on the most superficial aspect of 
the plaque and here they may be found to 
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communicate with the lumen of the main artery 
itself. An important feature of the hypothesis, 
and one that is frequently emphasized, especially 
when it is employed in medico-legal cases to 
bolster up the idea that coronary occlusion is 
due to raised blood pressure, is that the pressure 
in these small vessels (that is, capillaries) is 
derived directly from the main vessel itself, 
so that it becomes sufficiently great for the 
vessels to rupture. 





Ficure II. 
Photomicrograph of portion of a coronary artery showing a haemor- 
rhage into the subintimal region (H) and a thrombus in the lumen (T). 
It is apparent that the lumen had been greatly reduced even before 
the hemorrhage had occurred. xX 10. 


Some negative observations are : 


(i) The hemorrhages in the wall of the vessel 
are not necessarily found in the artery which is 
supplying the area of infarction. In such cases 
several vessels may be involved by athero- 
sclerotic changes, and the presence of a 
hemorrhage in one of them is regarded often 
as support for the general hypothesis without 
the relation of the involved vessel to the area of 
infarction being adequately considered from 
the anatomical point of view. 


(ii) The hemorrhages are sometimes found in 
vessels in which recent occlusion has not 
occurred and there need not necessarily be any 
new deformation of the lumen at this site. 
Nevertheless such examples are included in 
series of cases in which the interference with 
coronary flow is being discussed. 


(iii) In some of the cases the hemorrhages 
are not in the intima at all but are to be found 
in the media or even in the adventitia of arteries. 
In such cases it is clear that they could not have 
any significant relation to the myocardial 
changes. 


PHYSICAL CONSIDERATIONS 

Let us now consider the physical phenomena 
in an example of coronary occlusion where the 
circumstances are most favourable to the 
development of obstruction, that is to say, in a 
vessel where the hemorrhage is in the superficial 
part of the atheromatous plaque. 

Since the hypothesis states that the hemor- 
rhage from the capillary vessels is due to 
increased pressure within these vessels (Horn 
and Finklestein, 1940; Paterson, 1941) it is 
necessary to show that this intracapillary 
pressure is great enough to produce the 
hematoma. We must therefore consider two 
factors: the pressure within the capillaries 
and the extracapillary pressure in the wall of 
the artery. 

The pressure within the capillaries is said to 
be high because these communicate directly 
with the lumen of the main vessel. The 
pressure within the coronary vessel is high, 
say, about 70 to 90 millimetres of mercury, and 
it is assumed that, since this is communicated 
directly to the capillaries, these thin-walled 
structures will be unable to withstand this 
pressure and will rupture—so producing the 
hematoma. This, however, takes no cognizance 
of Poiseuille’s law. 

Poiseuille’s law states that the difference in 
pressure between two points in a system, in 
which there is a stream-line flow of a viscous 
fluid, is directly related to the length of tube, 
the viscosity of the fiuid, the rate of the volume 
flow, and is inversely proportional to the fourth 
power of the radius. This may be shown by 
the formula 

8L 
wie 
where P is the pressure difference, L is the length of 


tube between the points of pressure, R is the radius, 
7 is the viscosity, and I is the rate of volume flow. 


There are difficulties in applying this equation 
to actual circumstances in the human body 
largely because the rate of flow in the capillaries 
is not known precisely. In addition to this the 
apparent viscosity varies considerably in 
different vessels according to their size ; in the 
very small vessels it may be only a third or a 
quarter of what it is in the larger vessels. 
Nevertheless, though it may not be possible to 
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say accurately what is happening in these 
tubes, it is apparent that the fall of blood 
pressure will be great in small vessels. 

Without going into further details, it is clear 
that the smaller the vessel the greater the fall 
of pressure along a tube, so that in the tiny 
capillaries the pressure transmitted from the 
lumen of the vessel will be quickly dissipated. 
In any case it is assumed by the hypothesis 
that the capillaries are relatively easily ruptured 
by moderate pressures. Observations in various 
conditions would suggest, however, that 
capillaries are able to withstand relatively high 
pressures or, at any rate, pressures which are 
much higher than might be expected to be 
withstood by such thin-walled _ structures. 
Incidentally we are not discussing here any of 
the conditions causing bleeding as a result of 
changes in the blood or of the capillary per- 
meability. 

Another point which is seldom appreciated 
is that the walls of these capillaries are semi- 
permeable membranes. Alterations of pressure 
within these vessels results in the rapid transfer 
of fluid either from within out, or vice versa. 
The result is that, following a change, there is a 
rapid approximation of pressures outside the 
vessel to those within them. 


In addition to this the pressure in the main 
vessel itself will be transmitted to the tissue of 
the wall, so that there would be little discrepancy 
between the pressures outside and inside the 
capillaries. Thus the pressure within the 
capillary vessels in the wall cannot be greatly 
different from the pressure in the tissues around 
them for two reasons: (I) pressure from the 
lumen is communicated not only to the lumen 
of the capillaries themselves but also is trans- 
mitted to the wall of the vessel ; and (2) even 
if there should be a discrepancy in the intra- 
capillary and extracapillary pressures, this 
would be adjusted automatically by the transfer 
of fluid through the semipermeable membrane 
which is the capillary wall. 


There may be, and indeed are, considerable 
variations at different times of the pulse wave 
corresponding to the changes in pressure in the 
different stages of the cardiac cycle and 
phenomena such as mural hemorrhage may 
possibly occur only at one stage of these. 
However, when we consider separate phases 
in different parts of the cycle, it is apparent 
that these come within a limited range of 
pressures; thus a study of any one phase 
(for example, diastolic) will give some general 
idea of the kind of differences of pressure 
between that of the lumen and of small vessels 
in the wall. 


An important point already mentioned is 
that, if a hemorrhage in the wall of a vessel 
is to encroach on the lumen of that vessel, then 
the pressure in the mural hematoma must be 
greater than that in the lumen of the main 
vessel. This means that the pressure in the 
mural or subintimal capillaries must be greater 
than that in the lumen of the vessel. Yet such 
capillary pressure is, ex hypothest, derived from 
that of the lumen ! 


Discussions of this kind depend on the 
assumption that the pressure in the main 
artery (at the site of capillary rupture) is 
actually high and of the order of pressures 
ordinarily seen in such vessels. However, 
these hemorrhages develop in an atheromatous 
plaque and such a plaque usually projects into 
the lumen or is associated with thickening of 
the wall so that already there is a reduction in 
the size of the lumen at this site. 


Here, we must consider another physical 
principle. Bernoulli’s principle or law states 
that in a tube of flow for which the motion is 
stream-line, the total energy per unit volume 
is constant and is the sum of three factors, the 
potential energy (gh), the pressure energy ()) 
and the kinetic energy ($9v?). In _ speciai 
circumstances, for example, if the flow is 
horizontal or if the deviation from a horizontal 
plane is negligible then the potential energy or 
gravity effect can be excluded. 


Now in ideal conditions, that is in the absence 
of friction, since the total energy per unit 
volume remains constant the pressure energy 
and the kinetic energy are complementary. 


Thus we have the formula 


Pat hou,’ =p, + her," 


where /, is the pressure at the point a in Figure III, 
p, is the pressure at the point b, ¢ is the density of the 
fluid, and v, and v, are the speeds of flow at the points 
of a and b respectively. 


When fluid passes through a constriction 
its speed, and therefore its kinetic energy, is 
increased. This means that its pressure energy 
is diminished. If the lumen is narrowed 
sufficiently, the kinetic energy may be so raised 
that the pressure energy may be very low in 
this region. This phenomenon is seen and 
utilized in the everyday world in the water 
suction pump seen in the laboratory, in the 
Venturi tube used in gasoline carburettors and 
in jet engines. 

When this is adapted to a case of a simple 
obstruction to a main branch of a coronary 
vessel, we can make some simple calculations, 
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Suppose we take an example (Figure III) in 
which arbitrarily 
lumen at a=3 mms. in diameter 
lumen at b=half that of area at a 
p=1-06 g./cm.® 
Total coronary flow=250 c.cms. per minute. 
In the first place, speed of flow of stream at a (v,) 
may be determined where 
L=length of a column of blood/time 
A =area of cross section of vessel 
V=volume flow/time 
LxA=zV 
| 3 =U,. 


If we take the flow in a first division of one coronary 
vessel as a quarter that of total coronary flow, this 
will be: 

250 : 250 
c.cms. per minute= c.cms. per second 
4 X 60 
. 250 
_ - 
o Ree 36. a, ee 
10°10 14 
250 1400 
Beep 
240° 99 
=14°73 cms./second. 
The flow at b (v,) may be calculated : 
. Yp_area a 
Uv, area b 
When area a is twice that of b 
V,=2U,. 
Now p,+49v,7 =pb+40v,” 
ba—Py =tv,>—tev,” 
=te(r,—»,") 
= $9(4v,°—7,’) 


- 35(v,2) 


=3x 1°06 x (14°73)? 
= 345 dyne cm.~? 
= 3°52 mms. H,O. 


If, however, the area at b is one-third that at a 
8 2 
ba—Pp= 5 X 1°06 X (14°73)? 


=920 dyne cm.~? 
=9:38 mms. H,O. 


If area of b is one-quarter, that is if diameter at b 
is half that at a 


Po—Py=~> 
=1725 dyne cm.~? 
=17°6 mms. H,O. 
If the area at b is one-sixth that at b 


x 1°06 x (14°73)? 


Pa—Py= 2? x 1-06 x (14°73)* 


= 4043 dyne cm.~? 
=41-:2 mms. H,O. 


These differences are only slight, but it is 
clear that with progressive diminution of the 
lumen there is a relatively more rapid diminution 
of the pressure at this place. 

If we consider the conditions during exercise 
when as much as 1500 cubic centimetres of 
blood passes through the coronary circulation 
in a minute (Lovatt Evans, 1949), the reduction 
in pressure is great. 


Flow through the vessel 
1500 I 
< 26. 3..3 11 
A= xX ‘ 
IO 10 14 


v 


__1500 , 1400 
240 “ 99 
= 88-38 cms. per second. 
If the area at b is one-hatf that at a 


Pa—Py=3 x 1:06 X (88+ 38)? 


=12420 dyne cm.~? 
=126 mm. H,O. 
When area at b is one-third that at a 
8 
ba—Pp= = X 106 x (88+ 38)? 


= 338 mm. H,O. 
When area at b is one-quarter that at a, that is 
diameter is one-half 
Pa—h,y= 934 mm. H,O. 
When area at b is one-fifth that at a, that is diameter 
is four-ninths 
Pa—h,= 1023 mm. H,0O. 


Even though the pressure in the coronary 
vessels in these last circumstances is higher than 
normal, it will be seen that the pressure 
difference approaches the pressure at a, that is 
to say, the pressure at b is very low (a pressure 
of 110 mm. Hg equals 1496 mm. H,0O). 


A considerable reduction in the pressure in 
the lumen must take place originally for 
hemorrhage (with encroachment on to the 
lumen) to occur, and thus a_ considerable 
reduction in the size of the lumen is a necessary 
prerequisite to hematoma formation. 


Since, with diminution of the size of the 
lumen, the pressure falls, it is apparent that any 
encroachment on the lumen will result in a 
still lower pressure in the lumen at the site ; 
any pressure in the wall, therefore, will become 
more effective, that is to say a progressive 
phenomenon, going on to complete obstruction 
of the vessel, may arise. 


The calculations given above have been 
made on the basis of specific and well-defined 
differences between the lumen of a vessel at a 
normal zone at the site of an obstruction and 
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on the assumption that, for the purposes of the 
calculations, these remain constant. However, 
it is known that when there is any diminution 
in the oxygen supply of the part or when the 
body generally or the heart is subjected to 
extra stress, there will be dilatation of the 
vessels. This of course can occur only in 
vessels which are resilient and are thus capable 
of dilatation. It will not happen where there 
is gross thickening of the vessels, especially 
when this thickening is due to atheroma. 























Ficure III. 


Diagram of a vessel in which there is diminution in the area of the 

lumen at one point (b) due to thickening of the intima. The velocity 

of the stream at (b) is greater than that at (a) and the lateral pressure 
at (b) will be less than that at (a). 


In these circumstances, therefore, there will be 
dilatation of the normal lumen (at a) but not 
at the narrow point (b), and thus there will be 
even a greater discrepancy than previously ; 
thus, though the measurements that have 
been given, and on which the calculations were 
made, will not necessarily remain correct for 
special circumstances, it will be seen that 
changes which are likely to occur will be in the 
direction of a greater difference between the 
two areas discussed and thus even further 
diminution of pressure at the constricted point. 
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Ficure IV. 
Diagram to show capillary spaces in a thickened area of the wall 
of a vessel, to emphasize the very small size of these vessels in relation 
to the size of the lumen of the main vessel. Compare Figures V 
and VI 


It is thus easy to see that it is at times of 
increased blood flow that hemorrhage into the 
wall of the vessel is likely to occur, though 
it is so for reasons different from those usually 
stated. The important point, however, is that 
various changes in the vessels and changes in 
blood flow, which are commonly seen and 


which cannot easily be allowed for in a mathe- 
matical equation (mainly because the informa- 
tion about them as yet is not sufficiently 
definite), nevertheless trend in a_ general 
direction which supports and augments the 
arguments based on relatively rigid premisses 
rather than acting in a contrary direction. 


It has been mentioned above that the 
communication of capillaries in the athero- 
matous plaque with the lumen of the artery 
(Figure IV) is regarded as specially significant 
in the development of hemorrhages and from 
this point of view it is clear that we have two 
sets of conditions : 


(i) The pressure in the lumen of the main 
vessel is relatively high; thus though the 
capillary pressure (particularly adjacent to the 
lumen) may be regarded as also high, the 
extracapillary tension in the wall (supporting 
the vessels) is correspondingly high for two 
reasons: (a) because of direct transmission 
of pressure from the lumen into the wall, and 
(b) because of the diffusion of fluid through the 
semipermeable walls of the capillaries; or 





Ficure V. 


Diagram showing vascularized thickening of the wall of a vessel, 

these vessels communicating with the vasa vasorum. Provided that 

the pressure in the lumen of the main vessel is low, hemorrhage 
could occur from these vessels. 


(ii) The pressure in the lumen of the main 
vessel is low: even though the extracapillary 
tension must also therefore be low, it is apparent 
that the intracapillary pressure cannot be 
high and thus again the discrepancy between 
extracapillary and intracapillary tensions is not 
great. In either circumstance hemorrhage is 
not likely to occur. 


There are conditions, however, in which the 
capillary pressure may be significantly different 
from the pressure in the wall, such as when the 
capillaries derive their blood from the vasa 
vasorum (Figure V) or if they communicate with 
vessels which arise directly from the lumen 
of the main artery at a wider part (Figure VI). 


Thus, provided that the capillaries obtain 
their blood from vessels which allow them to 
have a positive pressure in the circumstances 
when the pressure in the lumen of the artery is 








24 AUSTRALASIAN ANNALS OF MEDICINE 


low, it will be appreciated that hemorrhage may 
possibly occur. At the same time if the blood 
in the capillaries is derived from the lumen 
where the pressure is low, then it is not possible 
for hemorrhage to take place as the result of 
mechanical factors. When such hemorrhage 
does occur it is seen that the hematoma 
encroaches on the lumen of the vessel and, 
unless the pressure here is already low, this is a 
phenomenon difficult or even impossible of 
explanation. If, however, the lumen is narrow 
and the pressure correspondingly low, then it is 
a readily understandable and_ explicable 
phenomenon. 


At the same time, however, the blockage, 
which is usually part of one or associated with 
one which extends irregularly for some distance 
along the vessel wall, will cause a significant 





Ficure VI. 


Diagram of portion of the wall of an artery showing an area of 

thickening which is vascularized and the capillary vessels com- 

municating with the lumen at a point where the lumen is of norma 

diameter. Since the pressure at the site of obstruction will be less 

than at a wider part, it is possible in this case for hemorrhage to 
occur from the vessels. 


reduction in flow to the distal part because of 
loss of energy by friction and, from the point of 
view of nutrition of the myocardium, such a 
vessel will have become relatively unimportant 
and the previous survival of the area will be 
due to, and its nutrition will be supplied by, 
collateral vessels. 


It is not proposed here to enter into a 
discussion of whether the vascularized zones 
that are responsible for the hemorrhages are 
vascularized atheromatous plaques (Leary, 
1938) or organized thrombi (Duguid, 1946; 
Geiringer, 1951). The arguments regarding 
the physical factors determining hemorrhages 
in these areas will apply to either circumstance. 


In résumé, the most important feature, 
however, is that an analysis of the physical 
phenomena shows that hemorrhage cannot 
occur (from purely physical reasons) in a vessel 
which is normal in size and has a normal range 
of pressure and that a hematoma cannot occlude 
and obstruct a normally functioning artery. 
On the other hand when the artery is diseased 
and the size of the lumen reduced, the pressure 


is so lowered that hemorrhage may take place 
from small vessels in the wall. In such cases, 
however, the efficiency of the vessel as a 
conducting medium has been so reduced that 
any encroachment on the lumen by a hematoma 
will not significantly influence this further. 


Much of this discussion has arisen from 
examination of the view that mechanical factors 
are the most important, if not the only ones. 
This is because the usual hypothesis is based 
on this premiss. Almost certainly, however, 
other factors enter into the matter in actual 
conditions, but beyond demonstrating that 
mechanical factors do not play the part usually 
assigned to them, it is not proposed to go in 
this paper. 


CONCLUSIONS 


Subintimal hemorrhages are found in 
coronary arteries in cases of cardiac infarction 
and are regarded as being an important 
etiological factor in some cases. 


It is usually stated that such hemorrhage 
arises from capillaries in atheromatous plaques 
and that such capillaries communicate with the 
lumen of the vessel. It is assumed that 
hemorrhage occurs because of the high pressure 
in the thin-walled vessels. 


If the hematoma is to form and project into 
the lumen the pressure must be greater in this 
region than in the lumen of the vessel. According 
to Poiseuille’s law the pressure, provided that 
the capillaries derive their blood from the main 
vessel, must be lower than that in the lumen of 
the main vessel. 


These capillaries are found in areas of 
thickening of the wall or in atheromatous 
plaques where the lumen is necessarily narrowed. 
Here, according to Bernoulli’s principle, the 
pressure in the lumen is low and may be very 
low. 


Hemorrhage thus occurs because, provided 
the capillaries are supplied from some other 
vessels, pressure in them may exceed that in 
the lumen of the vessel. 


Hemorrhage into the media or adventitia 
demands the application of different principles 
and it is clear, from consideration of such 
conditions as dissecting aneurysm, that changes 
in the vessels and in the tissue of the wall are 
important. 


The condition necessary for hemorrhage to 
occur in the intima of an artery therefore will 
be found when there is already alteration in the 
size of the lumen and obstruction to the flow of 
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blood. In such cases there will have been 
adjustments in the circulation and development 
of subintimal hemorrhage and _ associated 
thrombosis is not the exciting factor in the 
occlusion and cardiac infarction is shown by the 
frequent lack of correlation between the age 
of the subintimal hemorrhage or thrombus and 
that of the infarct. Also their occurrence in 
vessels which cannot have been functionally 
significant as far as the area of tissue constituting 
a particular infarct is concerned must be 
considered. 

The importance and interest of subintimal 
hemorrhages as morphological phenomena is 
undoubted, but they have been given an 
importance and significance out of all proportion 
to their real status. It is necessary to look 
elsewhere in the physiology of the circulation 
for the explanation of cardiac infarction in these 


cases. It is not due to vascular obstruction 
from subintimal hemorrhages of coronary 
vessels. 
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EBSTEIN’S DISEASE : A REPORT OF FIVE CASES 
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INTRODUCTION 


In 1866 Wilhelm Ebstein, then a young 
prosector at Breslau, reported the case of 
Joseph Prescher, a youth of nineteen who, 
after a short illness, died of congestive cardiac 
failure. He had suffered from dyspnoea and 
palpitation since childhood and during his 
last illness had shown signs of tricuspid 
regurgitation. At autopsy Ebstein found a 
congenital malformation of the tricuspid valve 
and right ventricle, which he rightly believed 
had not been described before. Up till the 
end of 1950 reports have appeared of twenty- 
seven more examples of this malformation 
proven at autopsy and in none of them was the 
correct diagnosis made during life. Indeed, 
it is only recently that it has been thought 
possible to make a correct clinical diagnosis. 
The present interest in this malformation derives 
from two facts: first, that it has been confused 
with pulmonary stenosis with or without over- 
riding aorta, and secondly, that surgical 
intervention in Ebstein’s disease has usually 
been fatal. 


During the past fifteen months we have 
encountered four patients in whom the clinical 
diagnosis of Ebstein’s disease seemed justified. 
A fifth patient presented after this manuscript 
had been prepared and the case history is 
included as an appendix. In one case the 
diagnosis has been confirmed at autopsy while 
in two others the findings at cardiac catheteriza- 
tion or angiocardiography have supported the 
clinical impression. In the fourth and fifth 
patients the diagnosis has been made on clinical 
grounds alone. In view of the rarity of this 
disease, the clinical histories and physical 
findings of these cases will be given in detail 
and will be followed by a discussion of the 
clinical features and a description of the func- 
tional pathology. The latter differs in some 
ways from that given by previous writers. 


CASE HISTORIES 
Case I 


A female patient, aged sixteen years, was first seen 
on September 21, 1950. Her mother stated that 
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she appeared normal at birth but at three months she 
developed pneumonia, for which she was admitted to 
the Royal Alexandra Hospital for Children, Sydney. 
Inquiries showed that nothing abnormal was noted 
about her heart but unfortunately no X-ray pictures 
were taken. Recovery was uneventful. The patient 
had a second attack of pneumonia at the age of seven. 
She developed normally although her mother has 
always regarded her as backward in comparison with 
her other children. She attended school and had 
difficulty only with competitive games and physical 
culture classes. When she was twelve she was found to 
have an abnormal cardiac contour at a routine examina- 
tion. Four years later she was referred to us following 
another routine X-ray examination of her chest. She 





Ficure Is 


Ficure Ia 


Case I. (A) Postero-anterior and (B) left oblique view of 
the ches 


is now working in a light job in a factory and can 
manage very well. She becomes short of breath on 
severe exertion and does not play games; she goes 
dancing and stays out late. During cold weather she 
has been slightly blue but never persistently. She has 
never squatted or had syncopal attacks, and there has 
never been any pain in the chest or palpitation. 
Menarche occurred at the age of fourteen. During the 


twelve months she has been under our care there has_ 


been no change in her symptoms. She is the last of 
nine children, all of whom are taller than she is and 
apparently healthy. There is no history of maternal 
rubella. 


Physical Findings. The patient was a short squat 
girl, four feet eleven inches high, weighing eight 
stone four pounds, with no clubbing of the fingers or 
central cyanosis but the fingers and toes were cold and 
slightly blue. The jugular venous pressure and wave 
form were normal. The pulse was of normal volume, 
regular in time and amplitude; its rate was 80 per 
minute. The blood pressure was 130 millimetres of 
mercury, systolic, and 80, diastolic. The apex beat was 
in the fifth left intercostal space,four and a half inches 
to the left of the mid-sternal line and was barely 
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palpable. A weak systolic impulse was _ palpable 
over the outflow tract of the right ventricle in the third 
and fourth left intercostal spaces. No thrills or 
pulmonary artery pulsations were present. The heart 
sounds were rather faint but otherwise normal. There 
was an inconstant grade 1 systolic murmur heard in 
the fourth left intercostal space at the sternal border. 
No third sound or diastolic murmur was heard. The 
femoral pulses were normal. There was no cedema 
or abnormality of the abdomen or lungs. 








eka es Y 





ae 


vin 





VN 
H = 
Ficure II 
Case I. Electrocardiogram showing right bundle branch block 


P-R int.=0-16 second. Duration of QRS=o-12 second 


The X-ray films (Figure I) showed an increase in 
the transverse diameter of the heart (cardio-thoracic 
ratio 0-6), which was globular in shape. The right 
auricular convexity was increased and the infundibulum 
of the right ventricle was prominent. The pulmonary 
arteries and lung fields were normal and the aorta was 
left-sided. On fluoroscopy right auricular contractions 





Ficure IIIB 


iGuRE IIIA 

Case I. (A) To show cardiac catheter in the pulmonary artery. 

(B) Showing catheter at the approximate site of the atrio-ventricular 
ring 


were remarkably abrupt and of increased amplitude. 
In the left oblique view the right ventricle was enlarged 
and pulsated rather less than usual. The left ventricle 
was displaced backwards. ‘The left auricle seen in the 
right oblique view was nornial. 





The electrocardiogram (Figure II) showed spiked 
P waves and right bundle branch block. The hemo- 
globin content was 13:9 grammes per centum, the red 
blood cells numbered 4-56 million per cubic millimetre, 
the white blood cells numbered 10,400 per cubic 
millimetre with normal differential count. The 
erythrocyte sedimentation rate (Wintrobe) was 5-0 
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Ficure IV 
Case I. Pressure tracings not simultaneous. Note the similarity of 
the tracings in the pulmonary artery (P.A.) and right ventricle (R.V.) 
and the moderate ‘‘a’’ wave in the right auricular tracing. For 
interpretation see text 


millimetres in one hour. The results of cardiac 
catheterization appear in Table I and the pressure 
tracings are illustrated in Figure IV. 


Case II 

A male patient, two years and seven months in 
age, was first seen on July 10, 1951. This child was 
referred because of a murmur first heard by the family 
doctor at the age of eighteen months. The child had 
been difficult to feed for the last twelve months and 
had not gained weight during that period. Neverthe- 
less he was full of energy and was able to run about 
without any handicap. Cyanosis had never been 
noticed and no other relevant information was obtained 
from the mother, who had been well throughout her 
pregnancy with the child. 

On examination he was a small red-cheeked child, 
anxious but in no distress. He weighed 26 pounds. 


Temperature and respiration were normal. There 
was no clubbing of the fingers or cyanosis. The pulse 


was of normal volume and regular at a rate of 120 per 
minute. The jugular venous pressure was difficult to 
determine on account of the child’s restlessness, but it 
did not appear elevated and the wave form was normal. 
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TABLE I 


Pressures. 





Site. 
Systolic. Diastolic. 
cece als 
Pulmonary artery Pr as 13 4 
Right ventricle outflow tract .. 13 4 
Right ventricle body ‘s oe 13 + 
Right auricle oy va 7 I 
Brachial artery .. “o <“ 108 58 


Superior vena cava in as = | 


Inferior vena cava ‘ = —_— - | 
| 


(Millimetres of Mercury.) 


Oxygen 
Content. 
Volume 


Percentage. Remarks. 


Mean. 





8 13° Film (Figure IIIa). 
8 13 
8 13° Film (Figure IIIs). 
4 14 
8 | 18 
ae 14 
se 14° 


} Oxygen consumption, 97% saturated. 


KooouUuu 


Oxygen consumption=193 cubic centimetres per minute; respiratory quotient=o-78; arteriovenous oxygen difference = 18+0-14:0= 


4°0 volumes per centum ; cardiac output =4°8 litres per minute ; 
cubic centimetres per stroke. 


The apex beat was in the anterior axillary line and was 
soft and tapping in character. There were no thrills. 
There was a systolic pulsation in the left parasternal 
region felt best in the second and third left intercostal 
spaces. On auscultation there was a triple rhythm, the 
added sound occurring rather nearer the first sound 
than the second, but the rate was rapid and timing was 
difficult. The pulmonary second sound was widely 
split but not accentuated. There was a grade I 
systolic murmur down the left border of the sternum, 
maximal in the fourth left intercostal space. There 
was no diastolic murmur. Femorai pulses were normal. 
The remainder of the physical examination was within 
normal limits. 





Ficure VB 


Ficure VA 


Case II. (A) Postero-anterior and (B) left oblique view of the chest 
showing considerable cardiac enlargement due to dilatation of the 
right-sided chambers 


X-ray examination (Figure V) showed that there 
was considerable cardiac enlargement (cardio-thoracic 
ratio 0-75). The right border was displaced to the 
right and was more convex than usual. The left 
border was displaced to the left and was extremely 
convex with lifting of the apex. The aortic arch was 
left sided and the vascular markings of the lung fields 
were normal. The vascular pedicle was of normal 
width. In the left oblique view the anterior margin 
of the heart was in contact with the chest wall and 
posteriorly the left ventricular border extended well 
across the vertebral bodies, resembling the cceur-en- 
sabot appearance. Fluoroscopy was unsatisfactory 
and gave no further information, except to confirm 
the normal appearance of the lung fields. Right 
auricular movements were n ~ remarked on. 


The electrocardiogram (Figure VI) showed sinus 
rhythm at a rate of 150 per minute, with the P and T 
waves superimposed. The P waves were tall and 
spiked. The QRS complex showed right bundle 
branch block was bizarre QRS complexes. The PR 
interval was 0-19 second, which at this rate represents 


cardiac index 


3°3 litres per square metre per minute ; stroke volume=40 


first degree heart block. The hemoglobin content 
was 130 grammes per centum and the red blood cells 
numbered 4-8 million per cubic millimetre. The white 
cell count was normal. 
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Ficure VI 


Case II. Electrocardiogram showing tachycardia, tall spiked P 
waves and right bundle branch block. PR interval=o-19 second, 
duration of QRS=o-12 second 


On October 18, 1951, under basal ‘ Avertin”’ 
anesthesia, cardiac catheterization was begun. When 
the catheter reached the superior vena cava cardiac 
arrest occurred. Resuscitation was successful and 
the procedure was abandoned. The child was returned 
to the ward semi-conscious and in good condition, but 
died suddenly two hours later. 
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An autopsy was performed twenty-four hours after 
death. The only abnormalities were in the heart, 
which was described by Dr. V. J. McGovern as follows 
(Figure VII) : 

The heart weighs 90 grammes. The right 
atrium is greatly dilated and there is hypertrophy 
of the muscular wall both of the anterior part 
(musculi pectinati) and the posterior part. The 
anatomical relations of the right atrium seem 
normal. The vena caval orifices are normal, 
that of the inferior vena cava being guarded by 


mid-zone of the right ventricle anteriorly. Its 
posterior and anterior borders meet laterally 
to form the apex of the triangle. The posterior 
border extends from the infundibulo-ventricular 
crest along the anterior border of the atrio- 
ventricular ring. The anterior border extends 
directly laterally from the mid-zone of the right 
ventricle. This leaflet is a thin membrane ribbed 
by fibrous bands which represent rudimentary 
chorde tendinee. There is a small hole in the 
leaflet near its apex. One of the rudimentary 





Figure VIIA 


Ficure VIIs 


Case II. (A) View of the heart from above and in front. The wall of the distal chamber has been stitched back to the left ventricle to 

show the sail-like ‘‘ anterior ’’ cusp and the communication with the proximal chamber. (B) Right lateral view showing the thickened 

walls of the right atrium, the atrio-ventricular ring, the proximal chamber of the right ventricle with its thin wall and the sail-like 
anterior cusp in front of it 


a vestigial valve. The coronary sinus and its 
valve are normal. The foramen ovale is normally 
situated and measures three millimetres in 
diameter. It is closed by a valve which admits a 
probe only. It was almost certainly functionally 
closed. The auriculo-ventricular ring is dilated 
and two fingers placed in it can be passed beneath 
the malformed anterior cusp of the tricuspid 
valve to the apex of the right ventricle. The 
right auricular wall measures three millimetres 
in its ‘posterior and thinnest part. The right 
ventricle and the tricuspid valve are grossly 
malformed ; the latter has one large leaflet and 
two rudimentary leaflets. The large leaflet, 
which would ordinarily have been the anterior 
leaflet, is lateral in position. This leaflet is 
roughly triangular in shape. Its free border is 
medial and extends from the _ infundibulo- 
ventricular crest at its septal attachment to the 


leaflets is attached to the interventricular septum 
beneath the infundibulo-ventricular crest. It is 
the size of a small finger-nail. Anterior to this 
cusp and merging with it at one edge there is 
another rudimentary leaflet attached mainly to 
the anterior wall of the ventricle. There is a 
commissure between this and the anterior attach- 
ment of the main leaflet. This second rudimentary 
cusp measures 15 millimetres in length and is 
10 millimetres wide at its septal attachment. 

The free edge of the large anterior cusp measures 
approximately 33 millimetres and together with 
the septum forms the boundary of a communica- 
tion between the proximal and distal parts of the 
right ventricle. The infundibulum is small and 
the pulmonary artery rises normally from it. 
The pulmonary valve is normal and measures 30 
millimetres in circumference. The pulmonary 
artery is considerably smaller than normal. The 








30 AUSTRALASIAN ANNALS OF MEDICINE 


distal chamber of the right ventricle from which 
the pulmonary artery springs is formed by the 
infundibulum proper and a cul-de-sac bounded by 
the anterior leaflet posteriorly and the anterior 
wall of the ventricle anteriorly. This chamber is 
dilated and the muscle walls measure only 1°5 
millimetres in the thinnest part near the septum 
anteriorly and 4-0 millimetres laterally. The 
proximal chamber of the right ventricle communi- 
cates directly with the right auricle. It is bounded 
superiorly by the anterior cusp of the tricuspid 
valve and the communication with the upper 
chamber ; medially by the septum and anteriorly 
and posteriorly by the ventricular muscle, which 
measures about 2:0 millimetres in average 
thickness. 

The capacity of the upper chamber is approxi- 
mately half that of the lower. The left auricle is 
normal—its wall measuring 2-0 millimetres in 
thickness. The mitral valve is normal. The 
left ventricle is 4-0 millimetres thick in its thinnest 
part and appears normal. 

The coronary vessels are normal in origin and 
distribution. 

Histological Findings. The muscle fibres of 
the left ventricle are fairly uniform in thickness 
and microscopically there is no abnormality. 

The sections from the two chambers of the right 
ventricle are very similar. The walls are thin. 
The muscle fibres vary somewhat but the majority 
are comparable with those in the left ventricle. 
There is no fibrosis and the endocardium is normal. 

Both lungs show fairly intense congestion of 
recent origin and diffuse emphysema. 

There is very marked congestion of the liver 
which appears to be of recent origin in that there 
is no destruction of parenchymal cells in the 
centres of the lobules. 


Case III 


A female patient, aged eighteen years, was first seen 
on November 21, 1951. The patient stated that she 
was born blue. Her early childhood was uncom- 
plicated by any major illness and she attended school 
at the normal age, but was never able to run about a 
great deal. At the age of fourteen she left school and 
was able to lead a quiet life. She now works at 
secretarial duties and attends a night business college. 
Exercise tolerance is reasonable, the patient being 
able to walk indefinitely at her own pace. Running 
brings on shortness of breath after twenty yards and 
if she persists, a tight sensation behind the centre of 
the sternum limits any further activity. When she 
stops this pain ceases in two to three minutes. 
The degree of cyanosis has not altered significantly 
since early childhood and is worse in cold weather 
and on exercise. Clubbing of the fingers and toes 
began at an early age but has not increased in degree 
over the last five years. The patient had never 
squatted. Menstrual periods are normal. There was 
no history of maternal rubella. 

Physical Examination. The patient was a normally 
developed girl with moderate central cyanosis 
(grade III) and obvious clubbing of the fingers and 
toes. The pulse was of small volume and regular, 
rate 70 per minute. The systolic blood pressure was 
105 millimetres of mercury. The diastolic pressure 
could not be obtained in the usual way as the sounds 
were so faint. Jugular venous pressure and wave form 
were normal. There was no chest deformity. The 
apex beat was in the fifth left intercostal space just 


outside the mid-clavicular line ; it was well sustained 
but of small amplitude. 


A quiet systolic pulsation without a thrill was felt 
in the second and third left intercostal spaces near the 
sternum. A quadruple rhythm was present, the 
additional sounds being of moderate intensity and 





Figure VIIA Figure VIIIB 
Case III. (A) Postero-anterior and (B) left oblique view of the 
chest. There is considerable cardiac enlargement with a narrow 


pedicle and poorly vascularized lungs. There is dilatation of the 
right-sided chambers 


heard down the left border of the sternum in mid- 
diastole and late diastole. The pulmonary second 
sound was normal. The remainder of the physical 
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Figure IX 
Case III. Electrocardiogram showing tall P waves and right bundle 
branch block. PR interval=o-20 second, duration of QRS=o-11 
second. Sinus rhythm with occasional extrasystoles 


examination gave normal findings. At a subsequent 
examination the rhythm was irregular, owing to 
extrasystoles shown by _ electrocardiogram to be 
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ventricular and nodal in origin. Some of the extra- 
systoles (? nodal) were accompanied by large jugular 
venous pulsations similar to the cannon waves seen 
in complete heart block. 

The postero-anterior X-ray picture of the chest 
showed considerable enlargement of the heart (cardio- 
thoracic ratio 0-63, Figure VIII). The right border 
appeared within normal limits and the enlargement 
was chiefly to the left. There was increased convexity 
of the right ventricular outflow tract. The aorta was 
left sided and the vascular pedicle narrow. The 
pulmonary artery and its branches were smaller than 
normal ; the vascularity of the peripheral lung fields 
was diminished. In the left oblique view the anterior 
border extended forward almost to the chest wall and 
the posterior border backwards to overlap the spine. 

These findings were confirmed at fluoroscopy and in 
addition prominent right auricular pulsation was 
evident. 

The electrocardiogram (Figure IX) showed sinus 
rhythm with tall spiked P waves and right bundle 
branch block. 





FIGURE 


Case 1V 


A male patient, aged thirteen years, was first seen 
on February 8, 1952. This patient was known to have 
had heart disease since the age of four years. Examina- 
tion at that time revealed a cardiac murmur which 
was considered significant. His early development 
was slow and he only began to walk at the age of 
eighteen months, and speech was not fully developed 
until the age of nine years. At eleven, when an 
anesthetic was considered necessary for correction of 
strabismus, he was again examined and since then has 
been under supervision at the Royal Alexandra Hospital 
for Children. He is an active child, but has consider- 
able limitation of exercise tolerance and in general 
tires towards the end of each day. There is no history 
of central chest pain, cyanosis, clubbing, palpitations or 
cedema. Previous illnesses included measles as a 
child, infective hepatitis at the age of twelve years, 
and two attacks of bronchitis when seven and nine 
years old. Operation for correction of divergent 
strabismus was performed at the age of eleven years. 
The patient has never had rheumatic fever. 
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Case III. Angiocardiograms, exposures at 1, 2, 4, and 6 seconds in the left oblique view. For description see case history. 
g F J 


The angiocardiogram (Dr. E. J. Halliday) (Figure X) 
was taken with the patient in the left oblique position 
and exposures were made at one second intervals 
from the beginning of the injection. In the first film 
dye could be seen in the right auricle and was beginning 
to fill the left auricle. It had also begun to fill the 
right ventricle but was not yet seen in the antero- 
inferior portion of this chamber, which was separated 
from the main body of the dye by a distinct line. In 
the second film dye completely filled both right sided 
chambers and the left auricle. The pulmonary artery 
and the left ventricle had also begun to fill. In all 
the subsequent films to six seconds the dye was still 
present in the right sided chambers and the pulmonary 
artery. The latter seems smali. There was consider- 
able speculation over the series and it was thought 
that the first film showed filling of the proximal 
chamber of the right ventricle, the unfilled antero- 
inferior portion representing part of the distal chamber. 
In the second film this cul-de-sac lying between the 
anterior wall of the right ventricle and the tricuspid 
valve had filled. The line of demarcation from the 
cul-de-sac probably represented the site of the tricuspid 
valve. There was gross delay in the emptying of the 
right side and the right to left shunt was thought to 
indicate a large foramen ovale. The aorta could be 
seen faintly in films three to six. The patient was 
considerably distressed by the injection of dye and a 
second injection was not given. 


The family history was tragic and questionably 
significant. The patient was the youngest of six 
children, three of whom have already died. One 
brother died at the age of thirteen months from 
Ludwig’s angina and another brother died suddenly 
at the age of six years after an injection of diphtheria 
antitoxin. The third brother, who was known to have 
heart disease, collapsed suddenly at the age of seventeen 
years while playing a quiet game of tennis. 

Physical Examination. The patient was a restless 
male child, obviously mentally retarded and small 
for his age. The speech was slightly nasal and a 
marked divergent strabismus was present. There 
was peripheral cyanosis of the fingers, toes and cheeks, 
the latter giving a florid complexion. There was no 
clubbing of the fingers. The pulse rate was 80 per 
minute and irregular owing to frequent ectopic beats. 
The blood pressure was 90 millimetres of mercury, 
systolic, and 70 millimetres, diastolic. Femoral artery 
pulsations were present and the fundi were normal. 
The jugular venous pressure was normal. The palate 
was high and arched. The apex beat was not displaced 
and the cardiac impulse had a normal quality on 
palpation. No thrills were present. There was a 
faint systolic pulsation in the third left intercostal space 
near the sternum. On auscultation a moderate 
systolic and diastolic murmur was heard maximally 
in the fourth left intercostal space near the left sternal 
border. The diastolic murmur followed the third 
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heart sound. The second sound in the pulmonary area 
was widely split. The remainder of the physical 
examination gave normal findings. The _ electro- 
cardiogram (Figure XII) showed an_ intermittent 


ye 





Figure XIs 


Figure XIa 
(A) Postero-anterior and (B) left oblique view of the 


Case IV. 
chest. There is only slight cardiac enlargement due to dilatation 
of the right-sided chambers 

















Ficure XII 


Case IV. Electrocardiogram showing sinus rhythm; sinus standstill 
and nodal escape. PR interval=o-17 second. QRS=0-09 second, 
with incomplete right bundle branch block pattern 


incomplete right bundle branch block pattern with 
sinus standstill and nodal escape. On X-ray examina- 
tion (Figure XI) the heart was not enlarged (cardio- 
thoracic ratio 0°55), the left border being smoothly 





convex to the left. The right border, formed by the 
right auricle, was prominent. The aortic arch was 
left sided and the pulmonary vascular markings were 
normal. On fluoroscopy it was seen that the right 
auricle showed a forceful “‘ presystolic ’’ contraction 
and the infundibular portion of the right ventricle as 
seen in the postero-anterior view showed extremely 
vigorous systolic pulsations, which were not seen in 
the supradiaphragmatic portion of the same ventricle 
as seen in the left oblique position. The left auricle 
and left ventricle were not enlarged. 


DISCUSSION 

This is a rare malady but is perhaps not so 
uncommon as the small number of reported 
cases would suggest. At the time of writing 
at least twenty-eight cases proved by autopsy 
have been reported. The early reports, some 
of which are not readily available to us, have 
been summarized by Yater and Shapiro (1937), 
Walton and Spencer (1948), Engle, Payne, 
Bruins and Taussig (1950) and Baker, Brinton 
and Channel (1950). Since the publication of 
the last mentioned papers a case considered at 
autopsy to be Ebstein’s disease has _ been 
reported in full by Graux and Merlen (1951) 
and Paul, Myers and Campbell (1951) published 
the electrocardiogram of another in which 
autopsy was performed. In 1949 Tourniaire, 
Devrieux and Tartulier reported a case in a 
person still living in which the diagnosis was 
supported by cardiac catheterization, but we 
have been unable to see the original paper. 


Reynolds (1950) and Soloff, Stauffer and 
Zatuchni (1951) have also reported cases 
diagnosed during life, confirmation — being 


obtained by angiocardiography. Of the 35 
cases reported in full since the first in 1866, 
23 have been written up in the last twenty-five 
years and perhaps more significantly 13 in the 
last three years, during which time interest in 
congenital heart disease has been more intense. 
There are in addition other cases which have 
not been reported in full (Paul, Myers and 
Campbell, 1951; Aegerter, 1951). It is there- 
fore remarkable that no specimens of this 
condition were encountered by Keith (1909) 
in his series of 272 malformed hearts and only 
one by Abbott (1936) in her series of: 1000 
specimens. 


Morbid Anatomy 

The pathological reports of nearly all previous 
cases have demonstrated a remarkable similarity 
in the autopsy findings in the heart. In all 
cases, including our own Case II, the cusps of 
the tricuspid valve have been malformed, only 
one, or more rarely two, of the three cusps being 
functional. Nearly always the functional cusp 
has arisen in part from the vicinity of the 





COO m= Ss Fm ero RW O 


i de TE cel 





EBSTEIN’S DISEASE 33 


anterior portion of the atrio-ventricular ring 
and it is referred to as the “ anterior ’”’ cusp. 
The remaining cusps, which have varied from 
case to case, have usually been rudimentary, 
small in size and adherent to the septal wall of 
the right ventricle. The “anterior” cusp, 
sometimes perforated by one or two openings, 
is fused in part with the anterior wall of the right 
ventricle. Another edge, continuous with the 
atrio-ventricular origin, is attached to the wall 
of the right ventricle below the muscular ridge 
which divides the right ventricle into the distal 
or infundibular portion and the proximal 
chamber. The free edge of this single functional 
cusp passes between the medial end of this upper 
attachment and the interventricular septum, 
and the valve exists as a sail-like membrane 
dividing the right ventricle into two chambers 
which communicate through the opening formed 
by the free edge of the cusp and the inter- 
ventricular septum. Usually the chorde 
tendine@ and papillary muscles are rudimentary. 
In addition to the valvular anomaly there is a 
maldevelopment of the right ventricular muscle 
which is well shown in Ebstein’s illustration. 
In his case the unusual thinness of the right 
ventricular muscle appears to affect a large 
part of the wall of both parts of the ventricle. 
Engle et alii (1950) emphasized the thinness 
of the wall of the proximal chamber and thought 
that in their cases the thickness of the 
infundibular muscle was normal. In our own 
case the ventricular muscle next to the atrio- 
ventricular ring was well developed both below 
and above the tricuspid valve but the remainder 
of the anterior and posterior walls of the right 
ventricle was thin. In the case of Marxsen 
(1886) and probably that of Malan (1908) there 
was hypertrophy of the pulmonary conus. 
The significance of the defect of the right 
ventricular muscle, which is invariably present 
in some part of the right ventricle, will be 
discussed presently. 

The right auricle was dilated in our own case 
as it has been in all others. We found the 
muscle hypertrophied, but in long-standing 
cases fibrosis may be found. The foramen ovale, 
although patent to a probe, was _ probably 
functionally closed; in the great majority of 
reported cases the foramen ovale has been patent, 
and the patient cyanosed. The pulmonary 
artery has always been normal or small, never 
large. The malformation is strictly confined 
to the right side of the heart. 

The Ebstein type of tricuspid malformation is 
not the only anomaly of this valve, and Abbott 
(1936) illustrated another anomaly due to 
incomplete differentiation of the septal cusp. 

c 


The electrocardiogram in Abbott’s case appears 
to show incomplete right bundle branch block 
which, as will be seen later, is quite compatible 
with Ebstein’s disease. Through the courtesy 
of Dr. R. M. Gibson, of the Royal Newcastle 
Hospital, we have seen another example of this 
anomaly of the septal cusp in a twenty-three 
years old girl who died of hypertension with 
auricular flutter and congestive cardiac failure. 
Prior to the onset of hypertension this patient 
had no symptoms. 

The case of Graux and Merlen (1951) is 
unusual and does not conform to the classical 
description of Ebstein’s disease. Pathologically 
the body of the right ventricle was “ reduced 
to the size of a walnut and scarcely admitted 
two fingers’’. The walls of the right ventricle 
and auricle were described as “not hyper- 
trophied’’. ‘‘ The tricuspid valve is displaced 
towards the base, it is almost entirely formed of 
two cusps, the septal and the posterior meeting 
as a mitre, and both inserted in a normal manner 
around the atrio-ventricular ring. The anterior 
cusp is inserted lower down on the anterior 
wall of the ventricle, anchored by the papillary 
muscle.”” Clinically the case was remarkable 
in that the patient had no disability except for 
paroxysmal tachycardia, which led to his ‘death 
at the age of seventy-two years. The heart was 
“normal to the ear and under the screen ”’. 
From the illustration it appears that the right 
ventricular wall was of normal thickness, and 
the clinical history certainly suggests that the 
right ventricle was competent. If this is a true 
variant of Ebstein’s disease, it is possible that 
the dilatation of the right ventricle in the 
classical variety is secondary and depends on 
the position of the malformed cusp. However, 
the facts are too few to be dogmatic and we 
tentatively accept the view of Engle et alit 
that the true Ebstein anomaly consists of a 
malformation of the tricuspid valve with 
displacement of its origin into the right ventricle, 
which is dilated and of unusual thinness in one 
or both of its chambers. 


Functional Pathology 

In choosing for his paper the title ‘‘ Uber 
ein sehr seltenen Fall von Insuffictenz der 
Valvula tricuspidalis ’’, Ebstein emphasized 
the insufficiency of the tricuspid valve seen 
terminally in his patient and noted in passing 
the defect in the right ventricular muscle. 
Cases seen before the onset of congestive failure 
(Yater and Shapiro, 1937; Bauer, 1945; 
Taussig, 1947 ; Reynolds, 1950) have not shown 
tricuspid incompetence and in the case of 
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Walton and Spencer (1948) the tricuspid valve 
was competent even in the presence of failure. 
Engle et alii also found no clinical or anatomical 
evidence in their three patients to support 
the presence of chronic tricuspid insufficiency 
during life. It is evident, therefore, that the 
malformed tricuspid valve functions efficiently 
and that tricuspid regurgitation is not an 
integral part of the syndrome. 


The findings at catheterization in Case I 
are summarized in Table I. It was possible 
to pass the catheter from right auricle to 
pulmonary artery and back four times, and the 
opportunity was taken to explore thoroughly 
the proximal and distal chambers of the right 
ventricle. The thinness of the wall of the upper 
chamber or infundibulum was confirmed by 
the nearness of the tip of the catheter to the 
edge of the cardiac shadow. The proximal 
chamber extended on the left almost to the 
cardiac apex (Figure III). 

The pressure tracings (Figure IV) were 
remarkable in that those taken in the pulmonary 
artery and in all parts of the right ventricle, 
both upper and lower chambers, were identical. 
The pressure in all three chambers was low. 
The change from a ventricular to an auricular 
pressure wave form occurred not at the junction 
of the proximal and distal ventricular chambers 
but at the presumed site of the atric-ventricular 
ring. The right auricular pressure tracing 
showed a moderate auricular systolic wave, 
whose timing was confirmed by a simultaneous 
electrocardiogram. There was no evidence of 
tricuspid insufficiency. The rise of pressure 
in late diastole in the pulmonary artery was 
identical with that in the right ventricle and of 
similar magnitude to auricular systolic pressure. 
It, therefore, appeared likely that auricular 
systole initiated perfusion of the pulmonary 
circulation. In view of the relatively good 
exercise tolerance of this patient, the finding of a 
normal cardiac output and pulmonary blood 
flow was not unexpected. In a more severe 
case with cyanosis reported by Engle et alii 
the pulmonary flow was low and the systemic 
flow normal. No figures are available for the 
cardiac output during exercise in Ebstein’s 
disease, but it is unlikely that it rises as much 
as in normal people during severe exercise. 
Indeed it is probable that the lack of right 
ventricular reserve plays a large part in deter- 
mining not only the disability but also the high 
mortality associated with anesthesia, surgical 
operations and arrhythmias. 

The present findings suggest that the chief 
functional abnormality in this disease is the 
inadequacy of the right ventricle, which is 


unable to pump blood as well as a normal 
chamber. This inadequacy depends on the 
thinness of a large part of the ventricular 
muscle and the presence of a large sail-like 
membrane which divides the ventricle into two 
parts and so lessens the efficiency of both 
chambers, but particularly of the proximal one. 
During ventricular systole the tricuspid valve 
obstructs the tricuspid orifice at the atrio- 
ventricular ring, so preventing tricuspid 
regurgitation. -This interpretation of the 
hemodynamics of Ebstein’s disease differs 
from that of Engle et alii whose cases were 
more severe. These authors believed that 
“during ventricular systole the misplaced 
tricuspid leaflets close the opening between the 
lower and upper chambers and the distal 
chamber sends the blood to the lungs”’, and 
“although the musculature of the auricularized 
right ventricle is thin and cannot exert much 
force, it seems probable that it too contracts 
during ventricular systole and sends the blood 
against the closed tricuspid valve, against the 
walls of the auricle and possibly through the 
foramen ovale to the left auricle’’. This 
hypothesis differs from our own chiefly as to 
the manner of closure of the tricuspid valve. 
These authors believe that during ventricular 
systole the right ventricle is divided into two 
chambers by the tricuspid valve and that the 
proximal chamber is in free communication 
with the right auricle. Our catheterization 
findings, however, support the view that the 
tricuspid valve, although malformed, carried 
out its normal function of separating the auricle 
from the ventricle in the vicinity of the atrio- 
ventricular ring; the identity of pressure in 
all parts of the right ventricle shows that the 
two chambers are in free communication. 
Whether or not systole is more effective in one 
chamber than the other we have no means of 
telling. The fluoroscopic findings in our Case IV 
did suggest, however, that ventricular emptying 
in that instance depended largely on contraction 
of the distal chamber. There is further evidence 
(van Lingen et alii, 1952) that the comparative 
narrowness of the opening between the distal and 
proximal chambers makes emptying of the latter 
more difficult than usual, especially if its walls 
become fibrosed in the later stages of the 
disease ; the pooling of dye seen in this chamber 
at angiocardiography supports this concept. 
On examination of our specimen it can be seen 
that the “ anterior ”’ leaflet can easily be made 
to bulge into the tricuspid ring by pressure 
from above, and the functional evidence suggests 
that this was the probable method of closure 
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during life. Nevertheless the evidence is 
incomplete and confirmation of the present 
point of view must await further study. 


Clinical Picture 


As with most malformations of the heart, 
there is considerable variation in the degree of 
disability in Ebstein’s disease. Our first, 
second and fourth patients were in fairly good 
health and although there was some disability, 
it was not a great handicap and did not prevent 
the first patient from leading a normal quiet 
life. The third patient was much more handi- 
capped and was typical of most of those with 
cyanosis. Nevertheless she showed how much 
these patients can do in spite of cyanosis ; 
Engle et alii have pointed out this discrepancy 
between cyanosis and exercise (olerance which 
distinguished Ebstein’s disease from Fallot’s 
tetralogy. In a severe tetralogy the patient is 
usually very cyanotic and unable to walk more 
than a few yards. In a mild tetralogy the 
colour may be normal at rest yet the exercise 
tolerance is still poor, and the patient benefits 
greatly from a Blalock-Taussig operation. In 
Ebstein’s disease the patient is often moderately 
cyanosed at rest but is still capable of quite 
considerable effort. 

The great majority of patients with Ebstein’s 
disease have cyanosis, and it has been shown 
satisfactorily from an analysis of the records that 
this depends on patency of the foramen ovale 
(Engle e¢ ali) and is therefore central in origin. 
Peripheral cyanosis, due to a low cardiac output, 
doubtless occurs and was described by the 
mother in our second case ; it is either transitory 
depending on such things as cold weather, or if 
permanent, a terminal event. It is not accom- 
panied by clubbing of the fingers as is usual in 
central cyanosis. Our third patient gave a 
history of central chest pain which satisfied the 
criteria of angina pectoris. In the second case 
of Baker et alii and also that of Reynolds there 
was a similar history. Although apparently 
frequent in Ebstein’s disease, angina pectoris 
is not confined to this malformation and we 
have encountered it in other congenital lesions 
with marked right ventricular hypertrophy. 
The same may be said of a high arched palate 
which was also present in two cases. 

In our cyanotic patient and also in the fourth 
patient, who was acyanotic, the pulse was 
of consistently low volume at rapid and slow 
rates. In one of them it was impossible to 
obtain a satisfactory diastolic pressure reading. 
This has been noted previously in cyanotic cases 
by Engle e¢ alii, but does not seem to have been 
noted in acyanotic cases. 


The jugular venous pulse has not been 
described fully in all phases of the disease, 
though Wood (19514) remarks that it is usually 
normal. This too has been our experience, in 
spite of the presence of a larger auricular 
systolic wave than normal in the right auricular 
pressure trace (Figure IV). Why this wave 
does not become large enough to be seen in the 
neck is uncertain. A very large “a” wave in 
the jugular venous pulse is seen in severe 
pulmonary stenosis whether or not the foramen 
ovale is patent. Therefore it cannot be argued 
that in Ebstein’s disease patency of the foramen 
ovale, by permitting an escape of blood into the 
left auricle, accounts for the absence of a large 
“a” wave, though it may lessen its amplitude. 
Very large “‘a’’ waves are found in three 
conditions : severe pulmonary stenosis, severe 
tricuspid stenosis and extreme pulmonary 
hypertension in which there is long-standing over 
filling of the right auricle (Wood, 1951). It 
would appear from one observation of Abrahams 
and Wood (1951) that effective auricular systole 
aids ventricular contraction. This is probably 
the case in Ebstein’s disease, where under the 
fluoroscope the amplitude and rapidity of 
contraction of the right auricle, as seen in 
our present cases, is just as great as in severe 
tricuspid or pulmonary stenosis.. But in 
Ebstein’s disease there is little resistance to flow 
at the ticuspid or pulmonary valve and 
although auricular contraction is equally 
vigorous, the low resistance precludes the 
development of very high auricular systolic 
pressures. Confirmation of this was seen in 
our third patient, who suffered frequently from 
various arrhythmias. On one occasion she 
developed a series of nodal extrasystoles, while 
an electrocardiogram was connected. With 
each nodal beat there was a tremendous venous 
wave in the neck; presumably the closed 
tricuspid valve was providing the necessary 
resistance. 


The protocols of reported cases show an 
extraordinary diversity of physical findings 
over the precordium. In some cases there were 
forceful pulsations or thrills, in others the 
precordium was quiet. In some the heart 
sounds were normal, while in others they were 
faint and in some there were loud murmurs or 
added sounds. In our own cases there was not 
this diversity of findings, but the picture was not 
identical from case to case. The first patient 
illustrated perhaps the most unobtrusive variety 
of Ebstein’s disease as far as the physical 
findings were concerned and without the 
knowledge of the other findings she could have 
been passed as normal. There was, however, 
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a very weak but definite systolic pulsation in 
the fourth left intercostal space near the sternum 
and an inconstant soft systolic murmur in 
the same area. There were no added sounds 
and the pulmonary second sound was single. 
In the remaining three cases there were many 
points in common. In all of them there was a 
firm but gentle systolic pulsation over the 
outflow tract of the right ventricle, quite 
comparable to that sometimes seen in pulmonary 
stenosis. But whereas in the latter condition 
this pulsation may extend to the apex, in 
Ebstein’s disease the thrust is localized to the 
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Schematic representation of the auscultatory findings in our four 
cases of Ebstein’s disease. SM=systolic murmur. DM =diastolic 
murmur. DS=diastolic sound 


region of the outflow tract. Thrills were not 
felt in any patient. The heart sounds are 
represented schematically in Figure XIII. 
Except for the first case already discussed, in 
all cases added sounds were present. The slow 
rate in the third and fourth cases permitted 
easy analysis. In both there was a loud third 
sound early in the period of rapid ventricular 
filling. The third patient had in addition a 
presystolic sound equally as loud as the diastolic 
sound. The second patient had a loud diastolic 
sound, but because of the rate there was 
uncertainty about its nature. There was a soft 
parasternal systolic murmur in all four patients 
and the last patient had in addition a soft 


diastolic murmur following the diastolic sound ; 
in fact the auscultatory findings corresponded 
with those of Baker’s Case II. The phono- 
cardiogram in that case illustrates what we 
feel must be a very frequent pattern in Ebstein’s 
disease. 


Engle et alii emphasized the faintness of the 
heart sounds in severe cases, though this has 
not been invariable in the experience of others. 
Baker et alii made no reference to this point. 
In our cases the intensity of the sounds was 
normal in the acyanotic cases and definitely 
diminished in the one cyanotic patient. In 
the cases of Yater and Shapiro and Reynolds 
the intensity of the heart sounds was also 
recorded as normal. 


In previous cases (Ebstein, 1866; Marxsen, 
1886 ; Schénenberger, 1903; Arnstein, 1927 ; 
Bassen, 1928; Bauer, 1945; Taussig, 1947) 
precordial thrills, systolic, diastolic or both 
were recorded, but they are more frequently 
absent than present. It seems most likely 
that the thrills and murmurs are produced by 
the movement of the tricuspid leaflet, and the 
passage of blood over its free edge. During 
ventricular systole the valve bulges into the 
atrio-ventricular ring and blood moves past its 
free edge, causing it to vibrate. In early 
diastole the valve moves away from the atrio- 
ventricular ring towards the base and there is a 
period of rapid ventricular filling. Prior to 
ventricular systole the valve floats back towards 
the atrio-ventricular ring. Thrills and murmurs 
are most likely to be produced at the time of 
the most rapid movement of blood, and of the 
valve leaflet, namely, during rapid ventricular 
filling and ventricular systole. 

None of our patients had an enlarged liver, 
and in view of our earlier remarks this was to 
be expected because of the absence of tricuspid 
insufficiency or congestive failure. 


ELECTROCARDIOGRAPHY 


Full precordial electrocardiograms have been 
published by Baker, Brinton and Channell 


(1950), Reynolds (1950), Paul, Myers and 
Campbell (1951) and Soloff, Stauffer and 
Zatuchni (1951). These electrocardiograms 


closely resemble those of our first three cases, 
the main feature being high peaked P waves, 
delayed atrio-ventricular conduction time, and 
right bundle branch block of bizarre pattern. 
The secondary R wave in lead V1 is of low 
voltage. The electrocardiogram in Case IV 
did not show all these features. The rhythm 
was irregular owing to sinus arrest with nodal 
escape, and the right bundle branch block was 
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incomplete and intermittent. In precordial 
leads derived chiefly from the right ventricle 
the T waves were deeply inverted. 


In the cases of Yater and Shapiro (1937) 
and Graux and Merlen (1951), the electro- 
cardiogram shows left bundle branch block, 
which we are unable to explain. Yater and 
Shapiro showed that both branches of the 
bundle of His were normal. In all other cases 
in which the electrocardiogram was taken there 
was right bundle branch block. 


The majority have normal sinus rhythm, but 
auricular, nodal and ventricular extrasystoles 
are frequent ; paroxysmal tachycardia is not 
uncommon, and may be fatal (Yater and 
Shapiro, 1937; Taussig, 1947; Graux and 
Merlen, 1951). 


RADIOLOGICAL FINDINGS 


Perhaps the earliest X-ray photograph of a 
case of Ebstein’s disease is that of Taussig 
(1947), taken when her patient was in com- 
paratively good health. The film shows nothing 
characteristic and the heart was not enlarged. 
The films of the fourth and first patients show 
later but still early stages of the disease (Figures 
Iand II). In the first patient the most striking 
features are the increase in transverse diameter 
(cardio-thoracic ratio, 0-6) due to dilatation 
of the right-sided chambers, the auricle as 
much as the ventricle. The convexity of the 
right auricle and of the infundibulum is 
particularly striking, and, though constant in 
all but the mildest cases such as Taussig’s, it 
is by no means pathognomonic. The films 
of our remaining cases (Figures V and VIII) 
show the same features in a more striking way. 
The enlargement of the right side as seen in the 
left oblique view is so great that the right 
ventricle lies close to or in contact with the 
chest wall anteriorly and the left ventricle is 
pushed well back. With time the heart 
undoubtedly enlarged in a most striking way 
and the cases of Yater and Shapiro, Bauer, 
and Taussig, in which the patients were followed 
for some years, give convincing proof of this. 
Ultimately the cardio-thoracic ratio becomes as 
high as o-8 and the heart fills a very large part 
of the thorax. In all our cases, as in those in 
which the point is mentioned in the literature, 
the aortic arch was left sided. The pulmonary 
artery is normal or small and must be distin- 
guished from the infundibulum, which is 
invariably dilated. The vascular markings of 
the lung fields are normal or diminished. 

Engle et alii have emphasized the remarkable 
quietness of the heart on fluoroscopy. In all 
their cases the hearts were grossly dilated. 


Our cases illustrate the earlier stages of Ebstein’s 
disease and the fluoroscopic findings were rather 
different. The right auricular wall showed 
sudden sharp contractions and there was no 
doubt of the vigour of auricular systole. The 
proximal chamber of the right ventricle was 
always quiet and in two of the patients the 
movements of the dilated infundibulum were 
not impressive. But in the fourth patient, 
whose heart was the smallest of the series, 
the wide excursion of the infundibular wall 
during ventricular systole was striking and it 
seemed likely that in this patient the distal or 
infundibular chamber was largely responsible 
for the pumping of blood to the lungs. 

The angio-cardiographic findings in our 
third case are in agreement with those pre- 
viously reported (Baker et alii, 1950 ; Reynolds, 
1950; Engle e alii, 1950; Soloff, Stauffer 
and Zatuchni, 1951). The outstanding feature 
is the enormous dilatation of the right side and 
the delay in emptying which usually exceeds 
ro seconds (Figure X). In addition the 
patency of the foramen ovale is usually well 
demonstrated by the passage of dye into the 
left auricle in considerable amount. The 
pulmonary artery does not fill well in cyanotic 
cases because of the right to left shunt. The 
dilatation of the right sided chambers and the 
delay in emptying are both far greater than in 
any case of pulmonary stenosis we have 
encountered. 


PROGNOSIS 


Of the 13 reported cases in which death was 
presumably due to heart disease, the average 
age at death was twenty-six years. Of the 13 
patients, four died suddenly. In 14 cases in 
which death was due to other causes as well, the 
average age was eighteen years. In four of 
these cases tuberculosis was found, while four 
patients died of other infections which might 
not have been fatal in people with normal 
hearts. Six died, some suddenly, following 
anesthesia for thoracotomy, laparotomy or 
cardiac catheterization. Two patients have 
survived to sixty years of age (Marxsen, 1886 ; 
Malan, 1908) and one more to fifty-three 
(Walton and Spencer, 1948); these have all 
lived useful lives, one woman bearing two 
children. But these cases are clearly in the 
minority and it must be accepted that the 
majority of patients will die before thirty 
either directly of heart disease or of intercurrent 
infection. The risks from infection, whether 
tuberculous or not, should, of course, be much 
less now than formerly. 
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DIFFERENTIAL DIAGNOSIS 

The clinical diagnosis of Ebstein’s disease 
rests on the features which have been 
discussed above. The conditions which require 
differentiation fall into two groups; first, the 
various forms of pulmonary stenosis with or 
without overriding aorta, and, secondly, the 
group with enlargement of the cardiac silhouette. 


In Ebstein’s disease the history may closely 
resemble that of pulmonary stenosis with or 
without overriding aorta. In the acyanotic 
variety the history may be indistinguishable 
from that of ‘“simple’”’ pulmonary stenosis. 
In the cyanotic variety the patient is usually 
less handicapped than his degree of cyanosis 
would suggest. In this it differs from the 
cyanotic forms of pulmonary stenosis with or 
without overriding of the aorta (Engle e¢ alii, 
1950). The main physical findings which 
distinguish Ebstein’s disease are as follows : 
a small radial pulse, a normal jugular venous 
pulse, a quiet heart to palpation without the 
signs of pronounced right ventricular hyper- 
trophy, the presence of a triple rhythm, systolic 
and occasionally diastolic murmurs down the 
left border of the sternum, the bizarre electro- 
cardiogram and_ characteristic radiological 
findings. 

In Fallot’s tetralogy the pulse volume is 
usually normal and there is a pronounced 
right ventricular pulsation and a_ systolic 
murmur which may be accompanied by a 
thrill in the left parasternal region. The 
heart is normal or slightly enlarged at fluoro- 
scopy and enlargement, if present, is confined 
to the right ventricle. There is a concavity 
in the infundibular region, and in about 20% 
of cases the aortic arch descends on the right 
(Blalock, 1948). The electrocardiogram shows 
moderate right ventricular hypertrophy and the 
pattern is usually confined to lead V1. 

In simple pulmonary stenosis with normal 
aortic root the symptoms and signs depend on 
the severity of the lesion. Mild pulmonary 
stenosis is common and the symptoms are not 
nearly so pronounced as in Ebstein’s disease. 
The main distinguishing features of severe 
pulmonary stenosis are the large “‘ a’’ wave in 
the venous pulse, the forceful right ventricular 
thrust, the almost invariable systolic thrill, 
the dilatation of the pulmonary artery except 
in the infundibular variety and often its left 
main branch in valvular stenosis, the rather 
small heart in spite of considerable right-sided 
hypertrophy, and the electrocardiographic 
pattern of extreme right ventricular hyper- 
trophy with tall R waves and deeply inverted T 
waves extending from Vr as far as V4 or V5 
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In cardiac failure the heart of pulmonary 
stenosis may dilate considerably and _ the 
contour may be indistinguishable from that of 
Ebstein’s disease, adding to the difficulty of 
differential diagnosis. 

Amongst congenital malformations with a 
cardiac silhouette resembling that of Ebstein’ 
disease are the group showing idiopathic 
hypertrophy of the heart (Wood, 1950) or 
familial cardiomegaly (Evans, 1947). As a 
group they lack the positive features of Ebstein’s 
disease and at times have distinguishing features 
of their own. There are two acquired forms of 
heart disease with an X-ray silhouette 
resembling that of Ebstein’s disease. They are 
pericarditis with effusion and acute infective 
myocarditis with extreme cardiac dilatation. 
In pericarditis the friction rub may resemble 
the murmur of Ebstein’s disease, and the faint 
heart sounds, triple rhythm, weak pulse and 
decreased pulsation under the fluoroscope have 
in the past added to this confusion. The 
venous pressure is greatly elevated, the liver 
may be enlarged and the cardiac contour may 
change with posture. The electrocardiogram is 
not that of Ebstein’s disease and has distin- 
guishing features of its own. In case of 
difficulty a catheter may be passed into the 
right auricle to show the separation of the 
auricular wall from the edge of the cardiac 
shadow (Wood, 1951). 

Acute infective myocarditis and dilatation 
of the heart may be primary or secondary to 
infection elsewhere. The cardiac silhouette 
may closely resemble that of Ebstein’s disease 
and the small pulse and gallop rhythm can 
prove confusing. There is no previous history 
of heart disease and the electrocardiogram 
differs in both the QRS and T wave changes. 
In conclusion it can be seen that the diagnosis 
of Ebstein’s disease depends not on any single 
feature but on a careful consideration of the 
history, the physical examination, the electro- 
cardiogram and the fluoroscopic findings. It 
is important to distinguish it from conditions 
which can be relieved by surgery, for reports of 
attempted pulmonary valvulotomy of systemic- 
pulmonary anastomosis have not _ been 
encouraging. Although plastic operations on 
the tricuspid valve are technically possible, it is 
unlikely that restoration to normal of the 
tricuspid valve alone would correct a malforma- 
tion in which the ventricular muscle is also 
involved. 


SUMMARY 


1. Ebstein’s disease is a congenital malforma- 
tion of the heart in which the origin of the 
tricuspid valve is partially displaced from the 
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atrio-ventricular ring into the right ventricle. 
The cusps are malformed, one or more usually, 
two of them being rudimentary. The single 
functional cusp divides the ventricle into two 
chambers which communicate between the 
free edge of the cusp and the ventricular 
septum. Part of the wall of the right ventricle 
is also malformed. Until it is shown that the 
typical valvular deformity can exist without the 
abnormality of the right ventricle it is suggested 
that the term Ebstein’s disease be reserved for 
malformations affecting both the valve and the 
muscle, in order to distinguish it from other 
malformations affecting the tricuspid valve. 


2. The tricuspid valve is usually competent 
and tricuspid insufficiency is only a terminal 
event in the majority of cases. Because of the 
deformity of the valve which hinders emptying, 
and the muscle which limits the force of systole, 
right ventricular contraction is inefficient and 
the cardiac reserve is low. The two chambers 
of the right ventricle are in anatomical and 
functional communication at all times, but 
there is some evidence that the distal or 
infundibular chamber contracts more efficiently. 
Because of the weakness of the right ventricle, 
dilatation and hypertrophy of the right auricle 
are invariable. 


3. Cyanosis depends on the elevation of 
pressure in the right auricle relative to that 
in the left and the presence of a patent foramen 
ovale. Itis not an integral part of the syndrome. 


4. The severity of the symptoms and the rate 
of deterioration vary considerably, as do the 
clinical signs ; survival to sixty years has been 
recorded, though this is unusual. 


5. In all but the mildest cases the clinical 
diagnosis can be made with fair certainty and 
depends on the following features: (a) Enlarge- 
ment of the right side of the heart which may be 
progressive. Radiologically the right auricular 
curve is increased and until the terminal stages 
are reached shows considerable activity. The 
infundibulum of the right ventricle is dilated 
and may also show considerable activity. 


This has its clinical counterpart in the systolic ° 


pulsation to the left of the mid-sternum. The 
proximal chamber of the right ventricle is less 
active and the overlying chest wall is corres- 
pondingly quiet. (b) The peripheral arterial 
pulses are often weak. The venous pulse is 
normal. (c) Triple rhythm probably occurs in 
all but the mildest cases. The heart sounds 
may be faint. (d) The precordial electro- 
cardiogram shows right bundle branch block 
which does not conform to the classical descrip- 
tion, in that the secondary R wave in right 


ventricular epicardial leads is not tall. 
Arrhythmias are frequent and may be fatal. 
Murmurs and thrills are not essential but when 
present may be systolic and diastolic. (e) Con- 
firmation of the diagnosis can be obtained 
during life by cardiac catheterization or by 
angiocardiography. The latter method has the 
advantage that the films show a characteristic 
picture of right ventricular dilatation and 
delay and may even demonstrate the abnormal 
valve cusp. Angiocardiography has _ the 
disadvantage that it is inherently a slightly 
more dangerous procedure than a_ properly 
performed cardiac catheterization. (f) Because 
of the inherent weakness of the right ventricle 
it is suggested that plastic operations on the 
tricuspid valve would probably not benefit the 
patient. 
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ADDENDUM 


Since this article was written the following case has 
been investigated in this clinic and the criteria as 
already stated for the clinical diagnosis of Ebstein’s 
disease appeared to be fulfilled. For that reason, a 
short clinical summary is included. 


CasE V.—A male patient, aged thirteen years, 
was first seen on February 28, 1952. This boy was 
seen in the first month of life by a Japanese doctor 


in Tokyo, who suspected the presence of congenita 
heart disease, His mother, a Russian who had married 
an Australian sea captain, had been worried by the 
child’s restlessness and inability to thrive. Further 
medical advice obtained in Singapore, when the child 
was four months old, had endorsed this opinion, the 
mother being informed that an abnormal murmur 
was present. Cyanosis was apparently not noticeable 
at that time. Over the years the child was slow to 
develop and from the age of five increasing physical 
handicap had become manifest. At the time of the 
present examination the patient was able to walk 
slowly without distress, but running or extreme 
exertion was impossible. Effort was always limited 
by dyspnoea, but at times central chest pain, satisfying 
the criteria of ischemic cardiac pain, would occur. 



























































































































































































































































Figure XIV 


Case V. Electrocardiogram showing tall P waves and right bundle 
branch block. PR interval=o-15 second, duration of QRS =o-15 
second 


The mother was unconscious of any abnormal colour 
in the child’s appearance, but on careful questioning it 
appeared that permanent cyanosis had appeared 
between the eighth and tenth years. She had been 
unconscious of the onset of clubbing. There was no 
history of squatting, palpitations or cedema. It was 
the mother’s opinion that the child’s exercise tolerance 
had diminished somewhat over the preceding twelve 
months and that he was more tired than usual. There 
had been no important illnesses in the past and the 
patient’s brother, five years his senior, was quite well. 
The mother had suffered from no illness during this 
pregnancy. 


Physical Examination. The patient was an 
intelligent but nervous boy, somewhat reserved. 
Central cyanosis was manifest by mild clubbing of the 
fingers and toes and blueness of the tongue and 
suffusion of the conjunctive. The palate was normal. 
The pulse was regular but of small volume, the systolic 
blood pressure being 105 millimetres of mercury. 
It was impossible to obtain an accurate diastolic 
reading. The jugular venous pressure was slightly 
elevated, an analysis of the wave form showing a 
predominant systolic regurgitant wave. The cardiac 
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impulse was displaced to the anterior axillary line, 
and was soft and undulating in quality. A mild 
systolic thrill was present in the fourth left intercostal 
space just lateral to the sternal border. A systolic 


expansile pulsation was detectable in the third left 
intercostal space, but nothing was felt in the second 





Figure XV 
Case V. Postero-anterior and left oblique views of the chest showing 
enlargement of the heart (cardio-thoracic ratio=o-64) due to 
dilatation of the right auricle and ventricle 


left intercostal space, the usual site of pulmonary 
artery pulsations. In the third and fourth right 
intercostal spaces presystolic pulsations occurred, 
which were interpreted as arising from the contractions 
of the right auricle. On auscultation a Grade 3 
systolic murmur was heard maximally at the site of 
the above thrill. This was followed by a widely split 
second sound with an additional third sound heard 
easily in mid diastole. There were no diastolic 
murmurs. The pulmonary second sound was widely 


split. The liver was not enlarged and no pulsations 
were felt. The remainder of the physical examination 
gave normal findings. 

The red cell count was 6-04 million per cubic 
millimetre and the hemoglobin content 19-5 grammes 
per centum. The white blood cell count was normal. 
The electrocardiogram (Figure XIV) showed the 
presence of right bundle branch block, the QRS 
complexes being 0-16 second or more in duration. 
Prominent tall spiked P waves were present in lead Vr. 
X-ray examination revealed (Figure XV) a greatly 
enlarged heart (cardio-thoracic ratio, 0:64) with 
markedly convex right and left borders. The right 
border was composed of a large right auricle, the 
displacement of the left, being due to a prominent 
conus of the right ventricle. In the left oblique 
view the ventricular shadow did not clear the thoracic 
vertebral bodies and had a ceur-en-sabot appearance. 
The vascularity of the lung fields appeared diminished. 
On fluoroscopy the enlarged right auricle showed 
accentuated presystolic contractions and the main 
right ventricular movement appeared to occur in the 
infundibular region. The left side of the heart was 
normal. 

This case differs in no fundamental respect from 
those already described. It represents a more 
advanced stage of the disease in which the heart has 
increased in size, considerable central cyanosis has 
developed as a result of a right to left shunt through a 
patent foramen ovale, and early tricuspid insufficiency 
has developed. The X-ray appearances and electro- 
cardiogram differ only in degree from the previous 
illustrations and the findings on palpation and ausculta- 
tion are almost identical. It is of interest that the 
thrill and maximal intensity of the sounds and murmurs 
occurred in the presumed region of the tricuspid 
leaflet. The case is unusual in that right auricular 
pulsations were readily detectable on palpation to the 
right of the sternum. 
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* VASCULAR ABNORMALITIES OF THE LUNG 


CyriIL FORTUNE 
Perth 


It is important that physicians and surgeons 
should be clearly aware of the vascular 
abnormalities which may occur in the lung. 
The clinical and radiological pictures to which 
they give rise may cause considerable difficulty 
and error in diagnosis unless these malformations 
and congenital defects are appreciated. 


A classification is attempted in the following 
tabulation which lists abnormalities found in 
the pulmonary artery and its branches, the 
capillary network and the pulmonary veins : 


1. Pulmonary arteries : 
(a) Pulmonary artery aneurysms. 
(b) Abnormal anastomoses associated with 
pulmonary artery atresia. 


(c) Anatomical variation in 
distribution of vessels. 


segmental 


N 


. Sequestration of lung tissue : 
Associated with abnormal vessels. 
3. Pulmonary telangiectases : 


Arterio-venous fistule. 
Arterio-venous aneurysms. 


Anomalies of pulmonary veins. 


a 


. Abnormal bronchial vessels. 


Ow 


. Primary pulmonary hypertension : 
(a) Due to congenital dilatation of the 
pulmonary artery. 
(b) Due to bronchial arterial anastomoses. 


PATHOGENESIS OF VASCULAR 
ANOMALIES 


Mesodermal dysplasia gives rise to vascular 
malformation. Sabin (1922) found that blood 
vessels spread over the developing embryo in 
definite sheets of capillaries. In primitive 
vessels, after circulation has begun, a certain 
vessel can serve as an artery and then change 
to form a capillary plexus. Conversely, the 
vessel can serve as a vein, and subsequently 
receive new arterial connexions aud become an 
arterial plexus with change of flow of the blood. 


Thompson and Shafer (1951) consider that 
the abnormal development of arteries and veins 
from the capillary plexus affords a rational 
explanation for the occurrence of vascular 
anomalies, and this is seen in a striking way in 
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the malformations which occur in the lung ; 
but it must not necessarily be accepted that 
these anomalies are all congenital. There is 
evidence that they may be developmental in 
origin and prone to increase in size owing to 
humoral factors acting before or after birth 
and even later in life. 


The main discussion will be concerned with 
the clinical appreciation of pulmonary telangi- 
ectasis; but some reference to the other 
abnormalities will be made at the outset. 


PULMONARY ARTERIES 
Pulmonary Artery Aneurysms 
Deterling and Clagett (1947) have carefully 


recorded their findings and given a compre- 
hensive account of the causation of pulmonary 
artery aneurysms. They point out that 47% 
are congenital in origin, and in one-fifth of 
these cases the defect was associated with patent 
ductus arteriosus, and in some other cases with 
a ventricular septal defect. They stated that 
it was important to remember that, in a patient 
who had a patent ductus, there might be 
associated evidence of pulmonary artery 
aneurysm. Other causes were syphilis, infected 
emboli, atheroma, occasionally trauma and 
mycotic degeneration of the arterial wall due 
to subacute bacterial endocarditis (Lillian, 
1949). 

In the secondary branches of the pulmonary 
artery aneurysms may form owing to bronchi- 
ectasis, or in the case of chronic tuberculosis, 
Rasmussen’s aneurysm may be present in the 
walls of cavities in 4% to 5% of subjects which 
come to necropsy. 


Abnormal Anastomoses Associated with 
Pulmonary Artery Atresia 


In pulmonary artery atresia abnormally large 
bronchial arteries are found, and these may 
anastomose directly with branches of the 
pulmonary artery at the lung hilum. In this 
condition, too, other vessels may supply the 
lung from the pericardial, cesophageal and 
internal mammary anastomoses. 
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Anatomical Variations in Segmental 
Distribution of the Pulmonary Artery 


Although there is a standard plan of division 
of each pulmonary artery, there are minor 
variations, as well as a wide range of 
anastomoses, the nature of which is of great 
importance to the surgeon in operations on the 
lung. 


SEQUESTRATION OF LuNG TISSUE ASSOCIATED 
WITH ABNORMAL VESSELS 

Sequestration of the lung tissue is a condition 
usually associated with abnormal vessels. 

Pryce (1946), Bruwer et alii (1950) and 
D’Arcy Sutherland (1950) stress the fact 
that whenever cystic disease of the lower lobe 
is recognized and operation contemplated, 
the presence of abnormal vascular connexions 
is of paramount importance to the surgeon. 

The abnormal vessels which arise from the 
dorsal aorta are usually found coming from the 
lower thoracic aorta, the upper abdominal 
aorta or the cceliac axis. In the developmental 
period of these vessels they sequestrate a portion 
of the developing lung bud. Thus, the abnormal 
artery may supply normal lung, or sequestrated 
and normal lung, or sequestrated lung only. 

If the abnormal vascular connexion dis- 
appears, the sequestrated lung becomes a 
localized congenital cystic mass, showing as a 
circumscribed opaque area at the base of the 
mediastinum, usually on the left side. 


Failure to recognize these abnormal arteries 
(often coming through the diaphragm) has led 
to fatal hemorrhage in cases of lower lobe 
lobectomy (Harris and Lewis, 1940). 


ANOMALIES OF THE PULMONARY VEINS 

Brantigan (1947) has indicated the surgical 
significance of anomalies of the pulmonary 
veins. 

In these cases, it is usually found that the 
total drainage from the lung is to the right 
atrium, or else partly to the right atrium and 
partly to the superior vena cava and left 
innominate vein. It is a shunt of arterial blood 
back into the venous system. If this occurs, 
the patient can be benefited by removal of the 
portion of the lung thus drained, although usually 
there is no evidence of failure of the right side 
of the heart. 

There may be a number of anomalous veins 
draining into the left atrium. It is thus 
important in individual ligation technique for 
lobectomy of the lung to demonstrate the 
presence of more than one pulmonary vein if 
devitalization of the whole lung is to be avoided. 


ABNORMAL BRONCHIAL VESSELS 


In the lungs there is a double blood supply 
derived from the bronchial and pulmonary 
systems. This extends as far as the respiratory 
bronchioles. There is evidence that in adult 
life anastomoses can develop between the 
bronchial artery and the pulmonary artery. 
Wood and Miller (1938) and Marchand, Gilroy 
and Wilson (1950) have shown in the human 
cadaver greatly increased communications in 
the form of large vascular shunts between the 
bronchial and pulmonary arterial systems in 
certain instances of pulmonary cardiac disease. 

It is considered that often the cause of 
hemoptysis in pulmonary telangiectasia is 
due to increase in pressure and rupture of 
small anastomosing vessels between the pul- 
monary and bronchial arteries (Lendrum e¢ alit, 
1950). 

Brinton (1950) suggests that an abnormal 
bronchial arterial circulation may be present in 
primary pulmonary hypertension. 

In cyanotic congenital heart disease there is 
evidence of well-defined, increased collateral 
bronchial circulation in some instances. 


PRIMARY PULMONARY HYPERTENSION 


Primary pulmonary hypertension is a well- 
defined condition which occurs in middle-aged 
people and sometimes in the earlier age group, 
and it is considered to be due to early endarteritis 
of the smaller vessels of the pulmonary artery. 
This endarteritis occurs over foci of aplasia 
and hypoplasia of the media of the arterial wall 
and the lesser pulmonary circulation. William 
Evans (1951) found this condition associated 
with congenital dilatation of the pulmonary 
artery and its branches. On the other hand, 
Brinton (1950) has suggested that the primary 
pulmonary hypertension may result from an 
abnormal amount of blood flowing from the 
bronchial arteries into the lesser circulation, 
this blood being injected under pressure 
causing dilatation and sclerotic changes to the 
pulmonary artery with hypertrophy and, later, 
evidence of failure of the right side of the heart. 


It is interesting to conjecture that, if this 
theory is correct, ligation of a portion of the 
bronchial arterial supply may cause some 
retrogression of primary pulmonary hyper- 
tension if the condition was recognized early 
enough. 


PULMONARY TELANGIECTASIA 


The condition of pulmonary telangiectasis is 
more frequently called arterio-venous aneurysm 
or arterio-venous fistula of the lung. Whitaker 
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(1947), Hayward and Reid (1949) and Brink 
(1950) prefer the term “ telangiectasis”’. There 
are sound reasons why this term is more 
suitable. The presence of arterio-venous shunts 
by-passing the capillary circulation in the 
human lung has been suspected from the fact 
that certain parasites can pass through the 
lung, and also from blood gas analyses. 


Proof has been furnished by the pathological 
reports following lobectomy for this condition. 


Prinzmetal ef alii (1948) have shown in 
experimental animals that glass spheres, many 
times the accepted diameter of capillaries, will 
pass through the pulmonary vessels of the dog 
and rabbit. 


Tobin and Zariquiey (1950) found in isolated 
human lungs arterio-venous shunts many times 
the accepted diameter of capillaries, by the 
passage of glass spheres from the pulmonary 
artery to the pulmonary vein. 


These shunts are usually located at the apex 
and within the lobular division of the lung, but 
experimentally no shunts were demonstrable 
in the hilar region or along the course of the 
larger pulmonary veins and arteries. 


It is conceivable that these small arterio- 
venous shunts are quiescent, but that in 
pathological states (such as emphysema and 
pulmonary fibrosis) they may increase in size. 


On the other hand, the congenital or develop- 
mental type of arterio-venous shunt is usually 
situated towards the hilar region. It is a large, 
vascular cavity in direct communication with 
one or two dilated branches of the pulmonary 
artery and vein. The cavity is usually lined 
with a single layer of endothelial cells, and the 
wall consists of collagenous connective tissue. 
The entering artery has a large amount of 
elastic tissue in its structure. A proportion 
of the venous blood in the pulmonary artery 
passes through the aneurysmal sac to the 
pulmonary vein. Therefore, this blood is not 
aerated in the lungs and it is returned to the 
systemic circulation incompletely saturated 
with oxygen. This arterial hypoxia leads to 
the development of secondary polycythemia, 
cyanosis, ‘‘clubbing” of the fingers and 
dyspneea on effort. The increased blood volume 
is due not to plasma, but to increased red cell 
mass. 


This indicates that these shunts are different 
in structure and function from the arterio- 
venous shunts found (especially in the leg) 
after trauma, in which there is an increasing 
blood volume due to increased plasma, and 
therefore increasing strain on the heart. 


8 


Three cases are presented which will illustrate 
the natural history of this abnormality, define 
clearly the clinical syndrome, illustrate the 
complications which may occur and show that 
thoracic surgery offers a complete cure. 


CasE I.—A printer, aged thirty-eight years, was 
referred for diagnosis. The history given was that 
his mother was anemic while carrying her child. 
He was fit and well up to the age of nine years and 
able to use his bicycle, and was accepted as a normal 
child. Abkout this time he was responsible for an 
accident to his sister. Two days later he had several 
“turns ’’, and when he fainted he was said to ‘ go 
black in appearance’. His doctor recognized 
“clubbing ”’ of the fingers at this age, although his 
general colour was said to be normal. 
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Ficure I. 


Case I, 1934. The lobulated opaque areas seen in both hilar regions 
were considered to be due to enlarged glands. 


He progressed through school and reached. the 
junior standard. During the next eleven years he 
served his trade and lost no time through ill-health, 
but when he was aged twenty-eight years he had an 
apparent attack of gout in the right great toe; on 
occasions this has recurred, usually lasting from two 
to seven days, but clearing up on the exhibition of a 
suitable mixture. The patient’s grandfather had 
suffered from gout. 


During his late ‘teens it became apparent to his 
relatives and friends that his skin was changing to a 
“bluish tint’, and medical advice was sought in the 
year 1934. He was then diagnosed as suffering 
possibly from enlarged mediastinal glands. 


In 1935 he was reexamined and a diagnosis was 
made of congenital heart disease with secondary 
polycythemia. He continued to lead a normal life 
until November 1948, when he experienced a peculiar 
“turn ’’. He became numb and physically paralysed 
and unable to speak. This condition lasted for ten 
minutes. He recovered his speech, but the weakness 
in his hands recovered more slowly. 


He was admitted to hospital and the same experience 
occurred again on the day of examination—he felt 
““something coming over him’’, his voice was weak, 
he experienced a feeling of limpness and fell to the 
ground. When he was picked up, he was “ blue in 
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appearance” and ‘felt terrible’. Except for 
transitory tightness in the chest, he had had no 
precordial pain; but he had complained of some 
shortness of breath and mild giddy spells previous to 
this last attack. Nose bleeding rarely occurred. 


On physical examination of the patient the out- 
standing features were cyanosis, ‘‘ clubbing’’ of the 
fingers and toes, and congestion of the conjunctive. 
No nevi or telangiectatic nodules were found. The 
retinal vessels were tortuous and congested. 


Examination of the heart revealed normal loud 
first and second sounds, but a grade II systolic murmur 
was heard over the precordium and the lateral aspect 
of the chest wall anteriorly. It was louder on inspira- 
tion. His blood pressure was 112 millimetres of 
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Ficure II. 
Case I. The postero-anterior projection of the chest in 1948 showed 
no significant alteration in the radiographic appearances. At 
fluoroscopic examination the opaque areas were now recognized as 
exhibiting expansile pulsation, and were considered therefore to be 
probably vascular. 


mercury, systolic, and 98 millimetres, diastolic. The 
spleen was palpable and enlarged to one finger’s 
breadth below the costal margin. Pigmentation was 
present on both legs. 

A radiological examination was made (Figures I 
to III), and the radiologist reported as follows : 

In view of the apparent coexistence of two 
conditions (the presumed cardiac defect and the 
gland mass), for neither of which a satisfactory 
explanation could be offered, review of the films 
of this case was undertaken. 


This review suggested that the shadow extending 
upwards from the upper pole of the “ gland 
mass” might, in fact, be an enlarged blood vessel. 


This feature is particularly well seen in the 
right anterior oblique view (December 30, 1948), 
where the shadow is seen to curve upwards and 
backwards from the principal lesion. The 
resemblance to a large vessel entering the lesion 
suggested that the shadows might all be vascular. 


The possibility of a hemangioma with gradual 
dynamic expansion over the years, together with 
the formation of sacs and arterio-venous fistule, 
was postulated. 

The tomogram films supported this suggestion 
of sac formation. 

Subsequent screening showed definite expansile 
pulsation of both the vessel already described and 
the upper part of the main shadow. 

On the above grounds, this diagnosis of 
hemangioma with arterio-venous fistule of the 
pulmonary circulation is offered. 

The lateral view suggests that the upper lobe 
of the left lung is the site of the lesion. Both the 
lingular and the pectoral (antero-lateral) broncho- 
pulmonary segments appear to be involved. 

It was possible to compare with these films the films 
taken fifteen years previously, and a similar appearance 
was present in both films. 





Ficure III. 
Case I. Tomogram studies suggest that the site of these saccular 
vascular dilatations is the upper lobe of the left lung, both lingular 
and anterolateral pulmonary segments being involved. 


The laboratory findings indicated a severe grade of 
polycythemia ; the hemoglobin value was 23 grammes 
per centum and the erythrocytes numbered 8,760,000 
per cubic millimetre. 

The whole picture crystallized and fitted well into 
Burchell and Clagett’s clinical syndrome (1947) of 
pulmonary arterio-venous fistula. 

Surgical exploration was carried out by Dr. C. J. 
Officer Brown, of Melbourne, on February 22, 1949. 
The left pleural cavity was opened after removal of the 
sixth rib. A tense, bluish-red cystic tumour was 
present in the lingula and the lower portion of the 
pectoral segment. It was the size of a tennis ball, 
lobulated and pulsating vigorously. A continuous 
thrill was present. The tumour bulged beyond the 
lung surface on its mediastinal aspect, and on the costal 
surface a number of small, rounded elevations were 
present. The wall was thin and blood could be seen 
swirling within the lumen. No other vascular tumours 
were seen in the left lung. 

In view of the size of the fistula, upper lobectomy 
was performed. The main pulmonary artery and the 
superior pulmonary vein were large and thick-walled. 
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A considerable amount of anastomotic circulation was 
present in the region of the vascular pedicles. After 
ligation of the upper lobe arteries, the tumour became 
flaccid and the thrill and pulsation ceased. 


The post-operative course was smooth, except for 
pronounced tachycardia for three days. The pulse 
rate remained above 135 per minute during this period. 
On the fourth day the hemoglobin value was 18-9 
grammes per centum, and the red blood cells numbered 
6,500,000 per cubic millimetre ; on the fifteenth day 
the figures were 15-6 grammes per centum and 5,100,000 
per cubic millimetre respectively. 

Immediately after the operation the cyanosis 
dramatically disappeared and the patient’s colour 
became normal. 

The patient made an excellent recovery, and after 
two and a half years he is well. There is no cyanosis ; 
slight “‘ clubbing ”’ of the fingers and toes is present, 
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Ficure IV. 


Case I, 1951. Postero-anterior view of the chest three years after 
successful resection of upper lobe of the left lung. 


but his chest is clear (Figure IV). Examination of 
his cardio-vascular system reveals no abnormality. 
This patient had no other evidence of arterio-venous 
shunts or of telangiectases. There was no family 
history of telangiectasia. 

Three observations may be made from this 
case history. Firstly, it is similar to two others 
described, inasmuch as the patients had been 
under observation for fifteen years before 
diagnosis was made and surgical cure achieved. 
This is not surprising, since only some 40 cases 
have been described up to 1949. Erf (1949) 
described the history of a patient who had been 
in and out of hospital for fifteen years with a 
diagnosis of Ayerza’s disease. His case was 
finally diagnosed, but the patient refused 
operation and died two years later from massive 
pulmonary hemorrhage. 


Brobeck (1948) reported the case of a patient 
followed from 1934 and examined every year 
up to 1947, when a correct diagnosis was made 
and successful cure was achieved by resection. 


Forsee et alit (1950) quote the case of a young 
soldier who was treated in a sanatorium for 
three months before a correct diagnosis was 
made. 


The second important observation is that the 
patient’s: polycythemia was of such a severe 
grade that it was responsible for cerebral 
symptoms. About half the patients described 
in the literature showed cerebral symptoms 
such as dizzy spells, transient weakness or 
numbness, brief spells of inability to speak or 
attacks of unconsciousness or convulsions. 
These symptoms are probably the result of 
transient periods of increased cerebral anoxia 
associated with polycythemia and _ lower 
hemoglobin saturation. They disappeared after 
operation. In subjects coming to necropsy, 
no cerebral vascular lesions have been found. 

Lastly, the bruit which is usually present in 
nearly two-thirds of the cases is usually systolic 
in time. It may be continuous, but it is often 
increased in intensity at the end of deep 
inspiration. The murmur must be recognized 
as being extra-cardiac and being usually 
associated with a heart which is normal in size 
and shape, and this fact differentiates the 
condition from congenital heart disease of the 
cyanotic type. 


CasE II.—A young man, aged twenty years, was 
referred to us from the Tuberculosis Clinic. In 1945 
he had coughed up blood and suffered from fits. His 
doctor had prescribed phenobarbitone tablets and 
vitamin K, which treatment he had continued up to 
1949. During this time he had had at least three 
further attacks of hemoptysis, but his fits had dis- 
appeared. They were considered to be_ typically 
epileptiform in character. 

During 1949 he was investigated in the Tuberculosis 
Clinic, and although it was reported that numerous 
colonies of acid-fast and alcohol-fast bacilli were 
grown from his gastric contents, they did not produce 
tuberculosis in the guinea-pig. Finally it was con- 
sidered that other causes than tuberculosis might be 
operative, and it was suggested that possibly an 
adenoma not visible in the bronchoscopic examination 
might -be present, or even possibly bronchiectasis, 
although the symptoms were not very suggestive of 
this condition. On the other hand, it was thought 
that his symptoms might be due to chronic infection 
or to a vascular abnormality. These diagnoses were 
presented because there was a constant opaque area 
in the mid-zone of the right lung (Figure V). 

On physical examination of the patient there were 
no outstanding abnormal features. He was not 
cyanosed ; ‘‘clubbing”’ of the fingers and toes was 
just obvious. No telangiectases were found, although 
he had a pigmented area on his lower lip. His heart 
sounds were regular and closed, but a soft systolic 
murmur was heard in the third right intercostal space 
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about three centimetres from the right border of the 
sternum. The hemoglobin value was 13:6 grammes 
per centum. The erythrocytes numbered 6,000,000 
per cubic millimetre. A bronchogram of the right 
lung was normal in appearance, but it clearly delineated 
the segments and indicated that the opaque area in 
the right lung was in the posterior segment of the upper 
lobe close to the pulmonary artery. This opaque area 
appeared to be connected to the hilar region by a 
broad sinuous band. 

Angiography displayed the vascular shadow early 
when the dye was in the right ventricle, and confirmed 
the diagnosis of arterio-venous fistula. 





Ficure V. 
Case II, 1951. Postero-anterior view of the chest showing an opaque 
area in the posterior segment of the upper lobe of the right lung, 
close to the pulmonary artery and connected to the hilar region by 
a broad, sinuous band. 


In accordance with the work of Lingren (1946) and 
of Ettinger, Magendantz and Russo (1949), radio- 
graphs were taken on full inspiration and on expiration. 
These showed that the lesion became smaller when the 
intrathoracic pressure was raised, and larger when it 
was decreased. Tomograms showed up the condition 
very clearly (Figure VI). 

Radiographic examination of the skull revealed no 
abnormality. 

It was noticed that, during the last six months, the 
patient’s colour had appeared more suffused and his 
hemoglobin value had increased to 17-8 grammes 
per centum, while the hematocrit value was 57; but, 
nevertheless, there was no obvious cyanosis when the 
patient stood alongside a man of similar build and 
age. 

This, indeed, was an early case, but two important 
details had been missed in the history. It was dis- 
covered that the patient had suffered from epistaxis 
for years, and also that his mother had ‘‘ blood-spots ”’ 
on both hands, which bled at times, and it was found 
that she too suffered from nose bleeding. 


Although the vascular shadow was not large, in 
view of the repeated hemoptyses it was considered that 
early resection should be carried out. 

Operation was performed on October 3, 1951, by 
Dr. F. J. Clark. There was no obvious vascular 
abnormality on macroscopic appearance of the right 
lung, but a purplish discoloration was found on the 
under-surface of the upper lobe towards the hilum. 
When this area was palpated, the tissues below it 
appeared softer than normal lung tissue. The upper 
lobe of the right lung was removed. 

The patient made an uneventful recovery. Dis- 
section of the specimen revealed a vascular sac 
measuring about two centimetres by one centimetre, 


Figure VI. 
Case II, 1951. The tomogram shows clearly the opaque area in the 
middle lobe of the right lung. 


but unfortunately it had ruptured at operation. It 
was impossible to inject the branches of the pulmonary 
artery and the branches of the pulmonary vein, but 
dissection of the specimen revealed large vessels 
entering and leaving the sac. 

This case illustrates two important points. 

The familial nature of telangiectases has been 
well recognized, and this patient’s mother had 
telangiectases of the hands and nose. The 
patient had telangiectases, presumably of the 
nose and the lung, the pulmonary lesion being 
the more conspicuous. 

Pugsley and Janes (1951) state that small 
telangiectases of the skin and of the mucous 
membranes of the nose and oral cavity have 
been noted in 40% of the cases in which 
pulmonary lesions of like nature are present. 

Hzmoptysis may be a salient symptom. 
This patient had five recurrences of hemoptysis 
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Of the previous cases reported hamoptyses 
occurred in one-quarter, and in a few instances 
were responsible for the death of the patient. 
The pulmonary lesion was not large, and 
therefore, the arterio-venous shunt was not 
great enough to produce obvious cyanosis, 
well - defined polycythemia or _ severe 
“ clubbing ” of the fingers and toes. 


Case III.—In 1943 a boy, aged fourteen years, was 
admitted to the Royal Perth Hospital with a diagnosis 
of Ayerza’s disease. At the age of nine years he had 
been sent to an orphanage as a neglected child, and 
at that time was considered to suffer from chronic 
heart trouble. He stated that at the age of twelve 
years he had coughed up two cupfuls of dark red blood 
with clots and was in hospital for two months. 





Ficure VII. 


Case III, 1943. Postero-anterior view of the chest, showing many 
shadows in a case of multiple pulmonary vascular shunts. 


Physical examination showed the child to be 
cyanosed, with ‘clubbing ’’ of the fingers and toes. 
He had a dry cough, but was not short of breath. 
His hemoglobin value was 15°6 grammes per 100 
millilitres; the erythrocytes numbered 5,400,000 
per cubic millimetre. 


The radiologist reported as follows (Figures VII 
and VIII): 
The cardiac outline is normal. 


The left lung showed a “ fan-shaped ’’ opacity 
commencing in the upper pole of the hilum and 
extending upwards into the upper zone. 


On the right side several rounded and well- 
defined opacities, varying in size from a pea to a 
walnut, were seen in the hilar and perihilar zone. 
It seems probable that these opacities are neo- 
plastic in origin or else represent disease of the 
lymph glands or tuberculosis. 

Examination with the use of lipiodol gave no further 
information. 

This lad developed generalized peritonitis and died 
in a day or two. A necropsy showed that both lungs 
were slightly collapsed. There were livid dark blue 


lesions on the free surface of all lobes of the lungs except 
the middle lobe of the right lung. These lesions were 
situated at the apex, and the base of the left lung and 
on the lateral aspect of the right lung ; all of them had 
the same appearance and consisted of dilated vessels, 
which showed direct communication with artery and 
vein. The saccular spaces were filled with dark 
venous blood. The walls of these cavities were not 
thickened. The rest of the lung tissue was normal. 

The cause of death was generalized peritonitis, 
arising from a large abscess in the body of the pancreas. 
The head of the pancreas had disappeared and was 
substituted by a fibrotic mass. 





Ficure VIII. 


Case III, 1943. Lateral view of the chest, indicating the presence of 
several vascular opaque areas proved at post-mortem examination 
to be due to numerous telangiectases. 

Microscopic examination revealed a direct com- 
munication existing between the branches of the 
pulmonary artery and the dilated veins forming an 
arterio-venous shunt. Microscopic examination of 
sections revealed grossly dilated veins surrounded by 
alveoli filled with blood. The alveolar capillaries 
were engorged and their walls thickened. There was 
also some fibrosis in the neighbourhood of the dilated 
veins. The alveolar hemorrhages were considered 
to be terminal. 

COMMENT 

This was a case of multiple pulmonary 
telangiectases, which was not diagnosed until 
after death. With the increased recognition 
of this syndrome, there have already appeared 
reports of multiple local excisions with cure. 


DISCUSSION 
In the condition of pulmonary telengiectasia 
it is possible that the lesion may be recognized 
by the radiologist during routine radiographic 
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examination of the chest, or else the syndrome 
may be suspected when a young person, usually 
in the second or third decade, presents with 
progressive cyanosis, ‘‘ clubbing ’’ of the fingers 
and toes, severe secondary polycythemia, 
transient dizzy spells and shortness of breath, 
without evidence of heart disease, but some- 
times with a history of epistaxis and small 
telangiectases of the skin or mucous membranes. 


The radiographic evidence of discrete densities 
in the lung, whether saccular, circoid or 
racemose, connected to the hilar region by broad 
sinuous bands, is suggestive evidence of a 
pulmonary arterio-venous shunt. The plain 
X-ray film is usually diagnostic. 

Sometimes an extracardiac murmur is heard 
best in deep inspiration. 


This arterio-venous shunt is simply a dilata- 
tion of the vessel between an artery and the 
corresponding vein. These dilated vessels, 
which are really a modified capillary, artery 
and vein, constitute a telangiectasis. 

As the arterio-venous communication 
enlarges, the afferent vessel and the efferent 
vein dilate and become tortuous. The artery 
becomes thin-walled in its dilated part; the 
result is a cavernous telangiectasis—it is not a 
tumour. 

It is considered that this is a more correct 
terminology than the terms arterio-venous 
fistula or cavernous hemangioma. 


The most confusing conditions are usually 
pulmonary tuberculosis, congenital heart disease 
of the cyanotic type, bronchiectasis, poly- 
cythemia rubra and tumours of the lung. 

Once the diagnosis has been made, the 
dangers which are most common and which 
must necessitate early operation, are the risk 
of fatal hemorrhage, phlebothrombosis, pul- 
monary embolism, subacute bacterial endo- 
carditis, syncopal attacks and the progressive 
nature of the lesion, together with the resulting 
psychological stress on the patient once the 
diagnosis has been made. 


Surgical excision of the pulmonary lesion or 
lesions (as sometimes they are multiple) offers 
the only means of cure. 


SUMMARY 

i. A classification of vascular abnormalities 
of the lung is outlined. 

2. Various pathological states resulting from 
these anomalies are recorded. 

3. The importance to the surgeon of the 
recognition of abnormal vascular connexions 
is stressed. 

D 


4. The clinical syndrome of pulmonary 
telangectasia is illustrated by three case 
reports, and support is given to the use of the 
term pulmonary telangiectasis rather than to 
arterio-venous aneurysm or _ arterio-venous 
fistula. 
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CONTROL OF THE WATER CONTENT OF THE BODY 


T. E. Lowe! anv B. McA. SAYERS 


From the Baker Medical Research Institute and Clinical Research Unit, 
Alfred Hospital, Melbourne 


In 1916 Henderson stated that “the 
regulation of volume (in biology) has remained 
without any physico-chemical analysis. Yet 
from the standpoint of physical science, this is 
perhaps the most universal and fundamental 
of all organic regulations.’’ Since then the 
mechanisms which give rise to cedema have 
for many years been the subject of a large 
amount of physiological investigation. The 
fact that excess fluid retention in the body is 
nearly always accompanied by a commensurate 
electrolyte retention has in recent years focussed 
attention on the mechanism _ controlling 
electrolyte excretion from the body. The 
observation that variations in the behaviour of 
electrolyte content occur in cedema states does 
not, however, mean that these variations have 
produced the cedema. They can be explained 
just as satisfactorily as secondary adjustments 
necessitated by the accumulation of water 
within the body. 


The concept that cedema is due primarily 
to an upset of volume regulation has been put 
forward by several authors in the past, and in 
this paper it is proposed to examine this 
concept in the light of observations made 
during the past three years in the Clinical 
Research Unit of the Alfred Hospital. 


In 1925 McLean commented, “ that there is 
a steady state in volume relations in the 
organism is manifested in the fact that the total 
bodily volume and the internal distribution of 
bodily fluids both show an apparent stability, 
in spite of continual interchange of fluids 
between the infinite assemblage of phases 
which make up the organism’’. This steady 
state is evidenced by the fact that most 
individuals maintain their body weight within 
narrow limits over long periods despite marked 
variation in fluid intake. Further, the water 
content of various tissues has been shown to 
be a constant proportion of this weight (Adolph, 


1921). 


1 Part of the expenses of this investigation were 
defrayed by a grant from National Health and Medical 
Research Council. 
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The water content of the body can be divided 
into two major parts: (a) that within the cells 
(intracellular), and (6) that in the tissue spaces 
and channels (extracellular). 

The water of the intracellular space is present 
both as solvent for intracellular materials and 
as an integral part of the protoplasm. Only 
relatively small changes in the quantity present 
as a solvent within the cell are compatible with 
life, and marked changes in the quantity 
present as an integral part of the protoplasm 
imply marked changes in the mass of cells in 
the body. Therefore, if the mass of cells within 
the body is relatively constant, only minor 
changes will occur in the total quantity of 
intracellular water within the body. It is 
probably correct therefore to say that the 
quantity of intracellular fluid is largely deter- 
mined by the metabolic activities of the cells. 
Intracellular water represents some 50% of the 
total body weight amounting to some 35 litres 
in a 70 kilogram person. In a series of patients 
with cedema from cardiac failure studied by 
Millar (1951), the maximum increase in 
intracellular volume recorded was about 25% of 
the individual’s normal volume ; in most cases, 
however, it was of the order of 10% and 
frequently there was no change, even in the 
presence of gross cedema. 


The water of the extracellular space is divided 
between the interstitial and plasma fluids in 
the ratio of approximately 4: 1, and represents 
some 20% of the total body weight representing 
some 14 litres in a 70 kilogram person. Its 
function appears to be that of a vehicle for 
transport of metabolites and other substances 
and great changes in its volume are seen in 
abnormal states. We have observed in one 
case of cedema an increase of two and a half 
times in the volume of extracellular fluid as 
measured by the chloride space and increases 
of 100% are common. It is seen, therefore, 
that in cedema states the major change in 
volume occurs in the extracellular compartment. 

When excess of fluid (cedema) is present in 
the body this contains electrolytes in much the 
same concentrations as those existing in the 
normal fluids. This implies that there has been 
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retention of electrolytes pari passu with the 
retention of fluid, and furthermore that the 
mechanisms of the body which control the 
electrolyte content of body fluids are functioning 
substantially in a normal fashion. 


In this connexion it is pertinent to note that 
normally a steady state in relation to electrolytes 
must also exist, for there is a continuous intake 
and output of electrolytes. This steady state 
has been analysed in some detail by both Wolf 
(1945) and Wesson (1948) and their co-workers, 
and Wesson points out with reference to sodium 
that such “a steady state cannot be achieved 
by the progressive, uniform excretion of excess 
sodium in accordance with renal clearance 
principles since an infinite time would be 
required to reach equilibrium. This difficulty 
seems to be resolved, as in other physiological 
systems, by overcompensation and _ hence 
oscillation about the steady state as a mean.”’ 


Although in general retention of water is 
associated with retention of electrolytes, the 
concentration of electrolytes or osmotic pressure 
of the fluids can play no part in the regulation 
of the volume of the solvent, because any given 
concentration of electrolytes or osmotic pressure 
can be obtained in any given volume of solvent 
if the correct amount of solute is present. 
Further, although it is established that retention 
of sodium in man leads to water retention, 
there is no conclusive evidence that water 
retention always leads to sodium retention, 
although frequently this is so (Smith, 1951). 


It seems likely, therefore, that the control 
of body water volume is independent of 
electrolyte control, and some mechanism which 
is sensitive to body volume and which controls 
the water balance must be postulated, even if 
its afferent and efferent pathways are unknown. 
The existence of such a mechanism, sited in the 
mid-brain, was postulated by Molitor and 
Pick (1923), although this work was subse- 
quently questioned by Theobald (1934). More 
recently a similar mechanism has been suggested 
by Viar et alii (1951) after they studied the 
effect of posture and of compression of neck 
veins on renal excretion of water and sodium. 


If there is a volume-regulating mechanism, 
then cedema may be considered as a quantitative 
disturbance of volume regulation ; an unbalance 
between volunie-disturbing and _ volume- 
restoring forces (McLean, 1925). 


All the component parts of this system are 
not known, but the circulatory system, endocrine 
glands and kidney must be some of them. 
Frequently gross disturbances of function in 
these components occurs without resultant 


cedema or dehydration and so within wide 
limits the volume-regulating mechanism must 
be able to compensate for defects in its 
component parts. The production of cedema 
must then represent either disturbances of some 
component part of the system which are beyond 
the range of compensation or disturbance of 
the control itself. 

Of the component parts of the system the 
circulatory mechanism, the kidney and ductless 
glands have been studied in detail, and Wesson 
et alia (1948) suggest that linking together of 
the renal control of sodium excretion, pituitary 
control of water excretion and glomerular 
control of filtration rate would give an integrated 
system which could regulate the composition 
and volume of extracellular fluid. However, 
the means by which these organs are appraised 
of the needs for adjustment of body fluids are 
not clear. Moreover, the excretion of water 
and the excretion of solute condition one 
another (Elkington, 1950). 

Although in cedema the dominant change is 
in the extracellular fluid content, some changes 
do occur in the intracellular water content. 
Seldin and Tarail (1949) have produced evidence 
that the state of hydration of body cells has 
some influence on the excretion of sodium, by 
affecting the partition of ingested sodium 
between intracellular and extracellular fluid. 


OBSERVATIONS ON PATIENTS WITH CEDEMA 

During the past three years in the Clinical 
Research Unit a detailed study has been made 
of the way in which cedematous patients lose 
their excess water. 

This has been done by accurate daily weighing 
of the patient and careful recording of daily 
water balance, whilst the patient has been on a 
known regimen of fluid intake, sodium intake, 
caloric intake and stated drug therapy. The 
records of daily weight and water balance were 
recorded in graphic form (Figure 1). 

In a previous paper (Lowe 1951) it was shown 
that patients with cedema from congestive 
cardiac failure treated by the above regimen 
show, in most instances, a uniform behaviour. 
The dominant feature of this behaviour is a 
loss of water which is constantly changing but 
in accord with an underlying definite cyclic 
pattern. The fluid loss commences slowly and 
then accelerates for several days, after which it 
diminishes until a balance state is reached. 
After this point there follows short periods of 
increasing and decreasing fluid retention and a 
further period of fluid loss. In other words 
after initially reaching a balance at the correct 
body volume, the system oscillates to rest. 
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Occasionally in some patients this whole change 
is preceded by a short period of diminishing 
fluid retention before the diuresis commences. 
This behaviour is illustrated in Figure I, in 
which the cyclic nature of the fluid loss is 
evident in the water balance curves, integration 
of which gives a weight curve that agrees well 
with the observed weights. 

Repeated observations on the same patient 
show that this behaviour is reproducible. 
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Ficure I. 

Weight (upper) and water-balance (lower) curves during diuresis 

in a case of congestive cardiac failure. Solid lines join observed 

values. The broken lines represent the hypothetical smoothed 

water-balance curve and the corresponding weight curve. The 


letters A, B, C, D indicate the portions of the water-balance 
curve referred to in Table I. 


This same phenomenon of cyclic water loss 
has also been observed in patients cedematous 
from acute nephritis. Figure II shows the 
weight and water balance curves from such a 
patient and it is apparent that they are similar 
to those of Figure I. 

The use of certain organic mercury compounds 
as diuretics in the treatment of cedema is well 
established, and in most cases they produce a 


rapid loss of the excess water from the body. 
However, study of patients treated with these 
compounds along the lines indicated shows that 
the same underlying rhythmic water loss is 
present. To some extent the effect of the 
mercurial diuretic depends upon the quantity 
of excess water present in the body. Figure III 
shows the effect of repeated injections of a 
mercurial diuretic in a very cedematous patient. 
The smooth cyclic curve of water loss is 
apparently not disturbed, except that its period 
is probably shortened. However, when the 
patient’s body water has reached its normal 
volume, it is noted that the smooth curve 
disappears and there are sudden losses of water 
after the injection of mercury followed by fluid 
retention until the next injection. 
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Weight (upper) and water-balance (lower) curves during diuresis 
in a case of acute nephritis. The solid and broken lines as in 
Figure 


It was noted by Borst (1950) that, during 
fever, diuresis is inhibited and in one of the 
cases previously recorded (Lowe, 1951) it was 
shown that fever temporarily inhibited the 
diuretic cycle. 


These observations indicate, therefore, that a 
uniform behaviour of the changes in body 
volume can be discerned in cedematous patients 
during fluid loss. Further this behaviour is 
seen in at least two cedematous conditions— 
congestive cardiac failure and acute nephritis— 
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and it is disturbed but not fundamentally 
altered by mercurial diuretics. It is inhibited 
by some febrile states. 

This evidence, taken together with that 
quoted from the literature, indicates that the 
cyclic curves noted probably describe some 
facet of the behaviour of the unknown body 
volume regulator. This undefined mechanism 
is apparently slow-acting, taking many days for 
each cycle, and it appears to oscillate towards a 
balance state at normal body water volume. 
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Ficure III. 
The water-balance curves during diuresis in a case of congestive 
cardiac failure treated with mersalyl injections as indicated. 
Solid and broken lines as in Figure I. 
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If these curves do describe some aspect of the 
behaviour of the volume-controlling mechanism 
then an analysis of them may give clues as to 
other features of the system. Even though 
the shapes of the curves vary from patient to 
patient, they all belong to one mathematical 
family. This cyclic characteristic is evidence 
of a dynamic equilibrium within the body and 
indicates that the problem of the control of 
body water content may be viewed as another 
of the numerous already recognized biological 
rhythms and cycles (Kleitman, 1949). 


THE Bopy as AN “ OPEN ” STORAGE 
SYSTEM FOR WATER 


Comparison with the obvious analogue, that 
of hydraulic flow through a storage system such 
as a reservoir, which may be considered as an 
“open ”’ system, suggests that the process of 
bodily storage of water may be similarly 
studied. In this section water storage in the 


body is analysed in terms of an “ open 
system, 


An “ open ”’ system is one which has contact 
with its surroundings in such a manner that 
there is transfer of material (either common 
or various) and energy between the system and 
its surroundings. That is, balance states are 
the result of dynamic equilibria. 


The following general equation (1) is available 
for “‘open”’ systems of this type: 


Input =Output + storage increase. (1) 


In the case of the human body the input 
in any given time is represented by the sum of 
the water drunk, the water content of the food 
eaten, and the water produced by metabolism. 
Although two of these components enter the 
alimentary canal intermittently, it has been 
assumed that, in these observations, the rate 
at which fluid enters the extracellular fluid 
compartment is approximately constant. The 
output is represented by the sum of the volume 
of urine passed and the water lost by evaporation 
from the skin and the lungs, and the water 
content of the feces. Of these losses it was 
considered that only urine loss was variable 
under the conditions of observation and the 
loss by other routes was corrected for in 
construction of the curves (Lowe, 1951). The 
storage change was considered to be represented 
by the change in weight of the body and is 
thought to be essentially the change in volume 
of the extracellular space, and is represented 
by the curves illustrated. 


The formal equation (2) corresponding to the 
“open” storage system may be written 
(Stevens, 1921) 

dy y(t) x(t 
dt ‘h(t) h(t) 
where y(t) is the output, 

x(t) is the input, 

h(t) is the instantaneous value of the slope of 
the output-storage curve; this curve is 
characteristic of the particular system 
under study. 


The first term in this expression represents the time 
rate of change of the output, the other two terms are 
quotients. 


As the water balance curves (Figures I, 
II and III) may be considered to represent 
water output curves (see equation 4 below), 
they represent the function y(#) and as such 
should be solutions of equation (2). To this 
end the following investigation of the form of 
these curves was made. 


The descriptive formula (3) has been found 
to represent the curves of a number of cases of 
cedema studied during the recovery phase 


y=ertt? cos (et+4+f) (3) 
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where y is the fluid balance amplitude at time ¢. 

a, b, c, d and f are constants which may move over 
restricted ranges from case to case and from section to 
section of any one case (see Table I). e is the base of 
the natural logarithm. As et is a non-linear function 
of time, the period of the curve oscillations will vary in 
a continuous and non-linear manner. If a@ is non-zero, 
the amplitude term will vary with time, and conse- 
quently the amplitude of the oscillations will vary 
with time. The factor f is a phase factor determined 
by the starting phase of the various segments of the 
oscillation. 

TaBLe I 
Constant Ranges 





' Figure I. 
| 
Con- | Range. pee ae 
stant. (Five Cases.) Between | Between Between 
| A and B. | B and C. | C and D. 
Giaiabla | a 
| | 
a —0:002 +0-029 | —0-025 | —0-066 —0+066 
b 3-305 +3°957 | +2°a27 | +9°3988 | +3°352 
c +0003 +0:054 | +0°046 | +0:°048 +0°054 
d +0°559 +4°678 | +0°559 | +0-692 | +0877 
f | —48+73 —o'85 —2:°38 —0°848 —1+366 


By substitution of expression (3) into 
equation (2), it can be confirmed that (3) does 
satisfy the equation and hence that the form 
of the output curve is compatible with an 
“open ”’ storage system of the type suggested. 

As it appears that equation (2) is applicable 
to the storage of water in man, the form of the 
storage controlling function of time h(#¢) has 
been investigated, since this function defines 
the characteristics of the system. 

Referring back to equation (2), it will be 
seen that the balance curve is simply the curve 
of the output [y(t)] with a shifted baseline. 
For if the input [x(¢)| is assumed constant, as in 
our experiments, the balance curve which gives 
the values of 


output —input =y(t)—x()=y(t)+k (4) 
where k=a constant 


From the above formule (2) (3) the function 
h(t) may be determined, either analytically 
(equation 5) or graphically. A_ graphical 
solution has been made for one case (Figure IV), 
which is a typical case leading to a typical 
result. These curves for values of A(t) are 
not dissimilar to cotangent curves. Alternatively, 
substitution of expression (3) in equation (2) 
and solution of the latter for A(t) leads to the 
following result (equation 5) : 

i) =—er 


a—c.et+4 tan & 
where «=el(ct+4) +f, 

As will be seen in Table I, in all of our cases 
a is small, hence the function A(¢) shows a 
form not dissimilar to a cotangent curve 
(compare with graphic solution). 


(5) 


On the basis of these curves one may visualize 
two separate control processes in action. The 
first determines the general form of the con- 
tinuous section of the A(t) curve. The second 
alters the instantaneous slope of the curve for 
ali finite points from one periodicity to the next, 
as evidenced by the changing slope of successive 
branches of A(t) near, but not at the zero-axis. 
This latter process virtually alters the sensitivity 
of the output-storage mechanism from cycle to 
cycle of the output. It becomes more sensitive 
as the patient approaches normal weight. 


Consider the first process. The peculiar 
nature of the A(t) curve suggests that two 
antagonistic control factors are concerned in the 
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Ficure IV. 


Output curve [y(t)] corresponding to the balance curve of Figure I 
and the A(t) curves graphically derived from it (see text). 


first process, and it seems possible that clearly 
defined regions of single control by one or other 
of the factors may be present. At one end of 
each branch one only of the factors may be in 
control, and vice versa. In the central, 
“ through-zero-going ’’, region, control may be 
shared. 


It should be made clear at this stage that 
while the calculation of the output-storage 
slope function h(¢) has proceeded from the 
output curve and a defined input curve, the 
function A(t) is a fundamental property of the 
system and y(¢) is a result of a given form of 
h(t). Thus from a consideration of A(#) it is 
possible to arrive at an understanding of y(t). 
Furthermore, examination of other balance 
curves demonstrates that similar A(t) curves 
exist in other cases, so the present case may be 
considered typical. 


Observation of the relative location of the 
poles of the function A(t) and the resultant 
movement of y(t) suggests that of the two 
factors one tends to restore the body fluid 
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volume to some standard value, that is to say, 
to reduce the rate of change, whilst the other 
factor tends to swing the body fluid volume 
away by disturbing the instantaneous water 
balance. This concept of the antagonistic 
volume-restoring and volume-disturbing factors 
is a straightforward deduction from the starting 
point which assumed the process of water 
storage in the body to have the characteristics 
of an “ open”’ storage system. 

Study of the second process, which appears 
to control the sensitivity of the output-storage 
mechanism, has not been developed so far. 
Now since h(t) is the slope of the storage-outflow 
curve, a larger value of h(¢) for a given phase 
in one branch than for h(¢) at the same phase in 
a preceding branch indicates a rising sensitivity 
of the storage-outflow mechanism. Apart from 
regions near the poles, a large slope of h(t) 
means that only a small change in storage is 
necessary to result in a rapid output change ; 
that is, a high correction speed becomes 
associated with a small change in storage and 
in storage rate of change. This is demonstrated 
by the smaller amplitude and shorter period 
of the later oscillations compared with the 
earlier. The mainteriance mechanism is, at 
later stages, operating at a much _ higher 
sensitivity and is able to clear excess fluid from 
the body rapidly. 

If the previous considerations are admitted, 
examination of both control processes together 
leads to the unavoidable conclusion that the 
first process (of antagonistic factors) is probably 
operating normally in these cedema states. 
Apparently the mechanism which is_ not 
functioning in a normal manner is the second 
process (control of the sensitivity of the storage 
regulatory mechanism). 


This analysis of the curves demonstrates, 
first, that the equation (2) for an “ open” 
storage system may be employed to determine 
the characteristic output-storage slope relation 
for each case studied. 


Secondly, it indicates the presence of two 
separate processes controlling body water 
content. One of these processes appears to 
contain two antagonistic factors, one restoring 
and the other disturbing the total body water 
content. The other process appears to contain 
a factor which alters the sensitivity of the 
output-storage relation. 


CONCLUSIONS 
Our observations on the process by which 
water is lost by oedematous patients during 
diuresis indicate the existence of « <slume- 
controlling mechanism within the body which 


causes the body water volume to return to 
normal in an oscillatory manner. This is in 
accord with the prediction made by Wesson 
et alii (1948) in their studies on sodium excretion. 
Such an oscillatory phenomenon is, of course, 
common in biology. 


Analysis of the curves of water balance 
reveals that the volume-controlling mechanism 
has several discernible features. First, there 
exist volume-disturbing and volume-restoring 
forces as postulated by McLean (1925). 
Secondly, it appears that the sensitivity of this 
mechanism changes from time to time, becoming 
more sensitive as normality is approached. 
It is possible that sensitivity changes in this 
mechanism may be one of the factors leading 
to the development of, and recovery from, 
cedematous states. 


SUMMARY 


The evidence for a water volume controlling 
mechanism in man is examined in the light of 
clinical observations on patients with oedema. 


It is concluded that such a mechanism exists 
and that as components there are volume- 
disturbing and volume-restoring forces, and 
that the sensitivity of this mechanism is altered 
in cedematous states. 
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THE MALABSORPTION SYNDROME! 


E. G. SAINT AND S. WEIDEN 
From the Clinical Research Unit of the Walter and Eliza Hall Institute 
of Medical Research and the Royal Melbourne Hospital 


THE clinical association of symptoms of 
steatorrhcea, wasting, tetany and anzmia has 
come to be known as the “ sprue syndrome ”’. 
Sprue itself is a disease of unknown etiology, 
possibly infective (Leishman, 1945 ; Woodruff, 
1949), affecting European residents of tropical 
areas, which has been most carefully studied 
in all its aspects by Fairley (1930). The tetrad 
of symptoms also characterizes coeliac disease 
of infancy (Gee, 1888; Herter, 1908). Non- 
tropical sprue, or idiopathic steatorrhoea, is 
thought to be an adult form of cceliac disease, 
an inherited jejuno-ileal insufficiency (Bennet, 
Hunter and Vaughan, 1932; Thaysen, 1935 ; 
Snell, 1939). Symptoms may develop ab initio 
in adulthood or may have been present since 
childhood, causing some degree of infantilism. 


A syndrome clinically indistinguishable from 
sprue may occur in some pathological conditions 
of the bowel and mesentery in which absorption 
of fat is defective: for example, chronic 
tuberculosis of the mesenteric lymph nodes 
(Hurst, Wright and Ryle, 1942; Mendez- 
Ferriera and Bargen, 1937), gastro-jejuno-colic 
fistula (Fairley and Kilner, 1931), lymph- 
adenoma and related conditions (Fairley and 
Mackie, 1937), ulcerous jejuno-ileitis (Crohn’s 
disease) (Nyman, 1949). Whipple in 1907 
described a case of steatorrhcea in which the 
mesenteric and intestinal lymph nodes contained 
large globules of fat and crystals of fatty acid, 
which he called intestinal lipodystrophy, and a 
few similar cases have subsequently been 
reported (Amsterdam and Grayzel, 1945). 


The sprue syndrome therefore may be tropical 
or non-tropical, may occur in adulthood or 
infancy, and may be idiopathic or secondary to 
underlying abdominal pathology. There is 
abundant evidence that most of the clinical and 
biochemical features of the syndrome are due 
to defective absorption of fat, carbohydrate, 
vitamins and certain hematinic principles from 
the small intestine, and it has recently become 
clear that patients may present with incomplete 
clinical manifestations—for example, megalo- 


1 Aided by a grant from the National Health and 
Medical Research Council of Australia. 
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blastic anemia without steatorrhoea or tetany— 
to whom it would be inaccurate to apply the 
term sprue syndrome, since the clinical picture 
may not be in the least like sprue. A more 
comprehensive term which we prefer to employ 
is, following Davidson, the ‘‘ malabsorption 
syndrome ’’ which has the advantage of 
explicitly nominating a physiological anomaly. 

The purpose of this communication is to draw 
attention to the multiplicity of clinical mani- 
festations of the malabsorption syndrome, to 
discuss problems in differential diagnosis and to 
describe the relatively simple biochemical 
techniques which may be employed in the 
study of this syndrome. 


MATERIAL AND METHODS 


Four patients have been selected for discus- 
sion. In Cases I and II, malabsorption appeared 
to be an idiopathic defect, while in Cases III 
and IV malabsorption occurred secondary to 
disease of the intestine or mesenteric lymph 
nodes. 


The following investigations were carried 
out in nearly all patients. 


1. Biochemical Tests of Intestinal Absorption. 
(a) Glucose. Standard oral glucose tolerance 
test. (b) Protein. The oral glycine test 
described by Anfanger and Heavenrich (1949) 
was used. This test consists of the oral 
administration of 50 grammes of glycine, 
followed by the determination of «-amino 
nitrogen in the blood for five hours. Normal 
patients show a rise of at least 3-0 milligrammes 
per centum in the amino nitrogen after one or 
two hours. (c) Fat. A butter fat tolerance 
test was employed. Fifty grammes of butter 
are given orally, followed by the turbidimetric 
estimation of total serum lipides (Kunkel, 
et alii, 1948) for a period of five or six hours. 


2. Tests of Liver Function. The quantitative 
van den Bergh estimation and _ cephalin 
flocculation test of Hangar were carried out ; 
the total serum protein, the albumin-globulin 
ratio (modified Biuret method), the serum 
alkaline phosphatase content (method of King 
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and Armstrong), and the prothrombin time 
(method of Quick as modified by Kark and 
Lozner, 1939) were estimated. 


3. Gastric Secretion. The standard fractional 
histamine test meal was used. 

4. Gastric Biopsy. In three patients the 
histology of the gastric mucosa was studied by 
the method of obtaining gastric biopsy material 
described by Wood et alii (1949). 


5. Other Biochemical Investigations. The 
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abdomen and central nervous system were clear. 
The blood pressure was 108 millimetres of mercury, 
systolic, and 66 diastolic. 

Investigation showed the chest to be clear on X-ray 
examination. The feces macroscopically were pale 
and bulky; microscopically, abundant fat droplets 
and fatty acid crystals were seen. The hemoglobin 
value was 12:5 grammes per centum. The red cell 
count was 3,310,000 cells per cubic millimetre. The 
colour index was 1-28. The white cell count was 
2,500 cells per cubic millimetre. The haematocrit 
reading was 36%. Mean corpuscular volume was 
109 cubic micromillimetres. Mean corpuscular hemo- 

































































; we oibent and the dnenl teh cont globiu value was 31°4 micromicrogrammes. Mean 
serum ca. clum content an¢ e lecal fat content corpuscular hemoglobin concentration was 28-7%. 
were estimated. Marked anisocytosis was present. The histamine 
TABLE I. 
a Biochemical and Hematological F indings in _Four Patients with the Malabsorption Syndrome. 
Case 1. Case 2. Case 3. Case 4. 
, Idiopathic Idiopathic 
Observation. Malabsorption Malabsorption Gastro-Colic Mesenteric 
Syndrome. Syndrome. Fistula. Hodgkin’s Disease. 
Serum bilirubin weet, 0-2 | } 
to 1-o unit).. re 0°5 0°3 1-0 2°0 
Cephalin flocculation (normal, o) a re) ° Le ei: mS ¥ 
Total serum protein (normal, 
6-0 to 8-5 gms. per centum) 5:0 4°7 4°3 3°5 
Serum albumin (normal, 3°5 oe). a. ee 
to 5*2 gms. ber centum) .. | 3°9 2°3 2-6 I°5 
Serum globulin (normal, 2-0 : i 
to 3°5 gms. per centum) .. | Ivl 2°4 1°7 2-0 
Alkaline phosphatase = 
3 to 13 K.A. units) " 4 7 8 20 
Prothrombin index (normal, 
100%) én . ee 51 95 50 85 
Serum calcium (normal, 9 to | 
II mgms. per centum) 6-3 4°0 —_ 7°4 
Blood urea (normal, 20 to 40 
mgms. per centum) ° 23 54 42 53 
Histamine test meal ‘comes 
40 to 60 units HCl) 6 63 33 No free HCl. 50 
units total acid 
Fecal fat, dry weight <30% — 45% 35% 
Gastric biopsy Normal mucosa Normal mucosa _ Atrophic gastritis (after 
nitrogen mustard) 
Hematology Hb., 12-5 gms. percentum Hb., 4-2 a. per centum  Hb., 11-5 gms. percentum | Hb., 11-1 —_ per centum 
R. B. C., 3,310,000 R. B. . 1,300,000 R.B.C., 4,030,000 R.B.C., 4,200,000 
C.I., 3°28 C.h, 3°35 C.I., 0-97 C.1., o- Ps 
W.B.C, 2,500 WwW .B C. 1,300 W.B.C., 11,400 W.B.C., 6,000 
Marrow, megaloblastic 





CasE RECORDS 

CaseE I.—A male, aged fifty-three years, was admitted 
to hospital on May 1, 1950. He had served in the 
first World War, contracting dysentery in the Middle 
East in 1917. Since 1920 he had had short bouts of 
diarrhoea every two years, passing several fluid motions 
daily. Since 1946 he had complained of dyspepsia, 
poor appetite with intolerance to fat and the loss of 
two stone in weight. Soreness of the tongue was 
relieved by occasional injections of liver extract. 
Diarrhoea had become persistent and the motions 
were described as frothy and having an offensive 
odour. 


Examination revealed a tall thin sallow man with 
excessive brown pigmentation of face and hands. 
His tongue was red and atrophic. His lungs, heart, 





test meal revealed 40 units of free hydrochloric acid. 
The biochemical findings (Table I) included hypo- 
proteinemia, hypocalcemia and hypoprothrombin- 
emia. The thiamine excretion (24 hours) on admission 
was nil. Absorption tests (Figures V, VI, VII and 
VIII) revealed flat glucose and fat tolerance curves. 
Treatment and Progress. He was treated with a 
diet with a high protein-low fat content and with 
vitamin supplements, and was given 80 microgrammes 
of vitamin B12 intramuscularly at first, followed by 
40 microgrammes at weekly intervals. His diarrhcea 
rapidly became less and he gained weight. He was 
discharged from hospital on May 25, 1950. Although 
no reticulocyte response was observed following the 
initiation of vitamin B12 therapy, an improvement 
of the blood picture was subsequently noted. In 
November 1950 findings were: hzmoglobin value, 
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13*7 grammes per centum; red cell count, 4,950,000 
cells per cubic millimetre ; colour index, 0-94; white 
cell count, 9,000 cells per cubic millimetre. 

This was a typical case of idiopathic steator- 
rhoea unrecognized for thirty years, with 
moderate macrocytic anemia. Satisfactory 
remission of symptoms was obtained with diet 
and vitamin B12. 

CasE II.—A female patient, aged forty-four years, 
was first admitted to hospital on January 14, 1948. 
For five years she had complained of mild dyspepsia 
and for two years had been troubled with prolapsing 
piles which occasionally bled. Four months before 
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macrocytosis and polychromasia; many _hyper- 
segmented polymorphonuclear forms were seen. 
The mean corpuscular volume was 1157 cubic micro- 
millimetres, the mean corpuscular hemoglobin 35-7 
micromicrogrammes, and the mean _ corpuscular 
hemoglobin concentration 30:9%. The hematocrit 
reading was 22%. A fractional test meal examination 
revealed 60 units of free hydrochloric acid. Sigmoid- 
oscopy revealed a normal bowel; hemorrhoids were 
present. The biochemical findings (Table I) included 
hypoproteinemia. Barium meal and barium enema 
findings were normal. 

The patient had worked as a cook for several years 
and it was found that her diet had been grossly 
inadequate. She was considered to be suffering from 
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Case II, showing response to treatment over a period of observation of two years. Improvement on liver therapy on the patient’s 
first admission to hospital was suboptimal, but in September 1948 she showed a prompt remission. 


admission she developed severe diarrhoea, passing 
every day a dozen liquid motions, often blood-stained. 
She had become progressively pale and weak. 


Examination revealed a grey haired woman, not 
obviously wasted or pigmented, with severe pallor 
of the skin and mucous membranes, and slight pitting 
cedema of legs and sacrum. Her heart was not 
enlarged, its sounds were normal. A few crepitations 
were audible at the lung bases. The central nervous 
system was clear. The systolic blood pressure was 
140 and the diastolic 68 millimetres of mercury. The 
urine contained a trace of albumin. 


On investigation of the chest with X rays, small 
basal effusions were found. The hemoglobin content 
was 4°2 grammes per centum. The red cell count was 
1,310,000 cells per cubic millimetre. The colour index 
was 1°15. The white cell count was 1,300 cells per 
cubic millimetre. Anisocytosis was present with 


nutritional macrocytic anemia and was given large 
intramuscular doses of crude liver extract. Although 
there was an appreciable reticulocyte response, there 
was no sustained improvement in the blood picture. 
Folic acid (20 milligrammes daily by mouth) also 
failed to induce a remission (Figure I). She developed 
severe pneumonia. There was a good response to 
antibiotics and repeated transfusions of packed red 
cells and whole blood. She was discharged from 
hospital on March 13, 1948, and was followed up in the 
out-patient clinic. Despite treatment with iron 
(given orally), vitamin B supplements, and a good diet, 
she rapidly went into hematological relapse, com- 
plaining of fatigue and sore tongue, and was readmitted 
to hospital on September 14, 1948. 


On her second admission examination of her blood 
revealed a hemoglobin content of 6-8 grammes per 
centum. The red cell count was 1,780,000 cells per 
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cubic millimetre. The colour index was 1:37. The 
white cell count was 4300 cells per cubic millimetre. 
Macrocytosis, anisocytosis and poikilocytosis were 
present. The hematocrit reading was 19%. The 
mean corpuscular volume was 112:°4 cubic micro- 
millimetres, the mean corpuscular hemoglobin 37:8 
micromicrogrammes, and the mean _ corpuscular 
hemoglobin concentration 33:6%. Onsternal marrow 
biopsy the erythroid : myeloid cell ratio was 3-3 : 4:0; 
the marrow was hyperplastic, with many megaloblasts 
present. Gastric biopsy revealed a normal gastric 
mucosa. The fasting gastric contents contained 
36 units of free hydrochloric acid. The total serum 
protein content was 3-8 grammes per centum. 

On this occasion there was an optimal response to 
liver therapy (‘‘ Campolon ’’) (Figure I) and the patient 
was discharged from hospital on November 14, 1948. 

Throughout 1949 she continued to receive fortnightly 
injections of ‘‘Campolon’”’ (10 cubic centimetres) 
and she remained in hematological remission. The 
diagnosis was reconsidered and tests clearly demon- 
strated defective intestinal absorption (Figures VI, 
VIII, 1X). In March 1950 liver therapy was withheld 
and she went into relapse. In May, when the hemo- 
globin value had fallen to 60%, weekly injections of 
vitamin B12 were given, but failed to cause a remission. 
She also developed mild diarrhoea with symptoms of 
tetany and the serum calcium content fell to 4-8 
milligrammes per centum. X-ray examination of 
bones showed mild generalized osteoporosis. When 
liver therapy was recommenced she showed a prompt 
remission, which has continued to date. In March 
1951 symptoms of tetany returned and she was given 
large oral doses of calcium gluconate (60 grains daily) 
and calciferol, 200,000 international units by intra- 
muscular injection twice weekly ; symptoms became 
less and the level of serum calcium rose. 

This was an interesting case of the idiopathic 
variety of the malabsorption syndrome in a 
patient who presented on two occasions with 
severe megaloblastic anemia. A curious feature 
was the poor response to liver therapy on the 
occasion of her first admission to hospital, 
compared to subsequent liver-induced remis- 
sions. It is possible that this was a purely 
quantitative phenomenon for the combined 
effect of chronic blood loss, severe malnutrition 
and infection would be to increase greatly the 
requirements of hematinic principle. 


Most of the characteristic clinical features of 
idiopathic steatorrhcea are illustrated in Case I. 
Diarrhoea had been present for at least thirty 
years and latterly the stools were of the typical 
pultaceous quality, but earlier it would seem 
that they were deceptively watery. Cooke, 
Frazer and their colleagues (Cooke e¢ alii, 1946) 
have pointed out the many pitfalls in examining 
stools in patients with the malabsorption 
syndrome. Diarrhoea may be absent for long 
intervals, as in Case I, or if present, the stools 
may be watery rather than fatty. Even the 
appearance of a stool may be deceptive, for 
apparently normal feces may contain an 
abnormally high quantity of fat. 


Wasting in Case I was quite severe and 
pigmentation reminiscent of Addison’s disease 
was present. This pigmentation, together with 
the glossitis, is probably due to a mixed 
vitamin B deficiency (Kaufman and Smith, 
1943) ; thiamine excretion in this patient was 
remarkably low. 


Disturbances of calcium metabolism, severe 
at a late date in Case II, were present in both 
patients. The association of tetany with 
diarrhoea was first recorded by Trousseau 
(1868). Severe osteomalacia with osteoporosis, 
causing bone pains and spontaneous fractures, 
may be a rare mode of presentation of the mal- 
absorption syndrome (Snell, 1939). The negative 
calcium balance is due in part to impaired 
absorption of fat-soluble vitamin D and in part 
to precipitation of calcium as calcium soap. 


The prothrombin index in Case I was 
significantly low (51%). Impaired absorption 
of fat-soluble vitamin K may cause a severe 
bleeding tendency: such cases have been 
described by Kark et alii (1940) and Fanconi 
(1938). 

The anemia in both these patients was 
macrocytic in character, and in Case II, 
unusually severe. Snell (1939) found a mean 
hemoglobin content of I0-2 grammes per 
centum and a mean red cell count of 3,300,000 
cells per cubic millimetre in twenty-two cases 
of idiopathic steatorrhcea; the anemia was 
macrocytic in seventeen and hypochromic in 
five. These findings were substantially con- 
firmed by Cooke e¢ alit (1948) in an analysis of 
forty-five cases. 

Case II exemplifies the difficulty experienced 
in diagnosing the true nature of a megaloblastic 
anemia where defective absorption is not 
clinically obvious. Similar cases have been 
described by Davidson (1948) and by Israels 
and Sharp (1950). Sugar and fat tolerance 
curves are of great value in the elucidation of 
this difficult type of case. Wood and his 
colleagues (1950) have demonstrated the value 
of gastric biopsy in the diagnosis of pernicious 
anemia and the syndrome of subacute combined 
degeneration of the cord, and it is clear that 
this technique has an important part to play 
in the differentiation of the megaloblastic 
anemias. It is worthy of special note that the 
histological appearance of the gastric mucosa 
was quite normal in both these patients with 
the idiopathic variety of the malabsorption 
syndrome. 

Case III.—A male patient, aged forty years, was 
first admitted to hospital on June ro, 1950. In 1938 


he had had a posterior gastro-enterostomy performed 
for chronic duodenal ulcer. Travelling by sea from 
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the United Kingdom to Australia, he had called at 
Malta, after which he developed a form of diarrhoea 
resembling dysentery. He was admitted to hospital 
on arrival in Melbourne. No pathogens were isolated 
from the feces, and a barium meal revealed a 
functioning gastro-enterostomy with a normal stoma 
and a grossly distorted duodenal cap. 

Admitted to hospital for a second time on October 6, 
1950, he had complained of persistent diarrhoea and 
had lost three stone in weight despite an excellent 
appetite. His face, hands and feet were cedematous. 





Ficure II. 


Case IV, showing extreme degree of emaciation in a patient with 
reticulosis of the mesenteric lymph nodes and the malabsorption 
syndrome. 


Examination revealed severe wasting with pitting 
cedema of the legs. The systolic blood pressure was 
130 and the diastolic 80 millimetres of mercury. The 
lungs, cardio-vascular system and central nervous 
system were normal. 


On investigation the feces were found to be pale 
and bulky ; fat was 45% of the dry weight. Hzmo- 
globin content of the blood was I1I°5 grammes per 
centum. The red cell count was 4,030,000 cells per 
cubic millimetre. The colour index was 0-97. The 
white cell count was 11,400 cells per cubic millimetre. 
Biochemical investigations (Table I) revealed hypopro- 
teinemia and hypoprothrombinemia. The results of 
absorption tests are shown in Figures VI, VIII and IX. 
A barium meal showed no change from the appearances 
in June and a barium enema revealed a minor filling 
defect in the transverse colon. There was no evidence 
of reflux of barium into the stomach. 

Despite clinical features which were suggestive of 
gastro-colic fistula the circumstances of the onset of the 
illness and the absence of radiological confirmation 


delayed a decision to operate. However, the patient 
became severely ill with intense diarrhoea and feculent 
vomiting. 


Operation was performed on December 12, 1950, by 
Mr. Paul Jones. A gastro-colic fistula at the site of the 
old anastomosis was found. The colon was repaired, 
the old posterior gastro-enterostomy was undone and 
subtotal gastrectomy with gastro-jejunostomy was 
performed. 


Ficure III. 


Case IV. Barium meal—appearances after six hours. The stomach 

is considerably dilated and only partly emptied. The first and second 

parts of the duodenum are dilated. The typical ‘ deficiency 
pattern ” of the ileum is also clearly shown. 


Convalescence was hampered by thrombophlebitis 
and wound sepsis. In January 1951 the patient’s 
nutritional status was still poor, with cedema and 
peripheral neuropathy, but great improvement -took 
place in the ensuing months on a diet with a high 
caloric value and a high protein content with vitamin B 
supplements, and he regained his original strength 
and weight. 


In summary, steatorrhoea, wasting and peripheral 
cedema occurred in a patient with a gastro-colic fistula 
not demonstrated radiologically. 

CasE IV.—A male patient, aged fifty-eight years, 
was admitted to hospital on July 2, 1951. He had 
complained of diarrhoea for two years ; at first this had 
been watery but later motions were semi-solid in 
consistency. His appetite was poor, and he had lost a 
considerable amount of weight. In November 1950 
a diagnosis of idiopathic steatorrhcea had been made 
at another hospital, but he had not improved on a 
sprue diet. Before admission to hospital he developed 
cramps and paresthesia, and had an epileptic seizure. 
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Examination showed the patient to be cachectic 
(Figure II) with pigmentation of face, arms and legs. 
Chvostek’s sign was positive. The systolic blood 
pressure was 160 and the diastolic pressure 100 milli- 
metres of mercury. Heart and lungs were normal. 

On investigation the feces were clay-coloured, 
the total fat being 36%. Examination of the blood 
revealed a hemoglobin content of 11-1 grammes per 
centum. The red cell count was 4,200,000 cells per 
cubic millimetre. The colour index was 0-89. The 
white cell count was 6000 cells per cubic millimetre. 
Iliac crest biopsy revealed a moderately cellular 
normoblastic marrow. Histamine test meal showed 
no free hydrochloric acid but 50 units of total acid. 





Figure IV. 


Section of lymph node showing replacement of normal tissue by cells 


of reticulum and histiocytic type with a low grade of mitotic activity . 


Biochemical investigations (Table I) revealed severe 
hypoproteinemia and hypocalcemia. Absorption tests 
(Figures VI and VII) revealed delayed absorption of 
glucose. Barium meal examination (Figure III) 
showed delayed gastric emptying and apparent partial 
obstruction of the second part of the duodenum. 


Operation was performed on July 19, 1951, by 
Mr. Julian Smith. Numerous yellow rubbery enlarged 
lymph nodes, 0-5 to 2:0 centimetres in diameter, were 
seen throughout the mesentery. Liver and spleen 
were not involved. No obstruction of the duodenum 
was found, but a posterior gastro-enterostomy was 
performed in view of the radiological appearances. 

Histological examination by Professor E. S. J. King 
(Figure IV) revealed appearances consistent with 
non-specific reticulosis, possibly Hodgkin’s disease, 
with a relatively low grade of cellular activity. 

After operation diarrhoea persisted and the appetite 
of the patient was severely depressed. He went into 
a decline and became moribund. As a last resort 
nitrogen mustard was given intravenously, 16 milli- 
grammes in three divided doses. During this period 
generous infusions of blood, serum and_ protein 
hydrolysates were administered. Three further doses 
of mustard were subsequently given and intragastric 


drip feeding of high caloric milk mixture satisfactorily 
increased his weight. He was discharged from hospital 
on November 26, 1951. By April 1952 he had put 
on two and a half stone in weight and was considered 
fit for light employment. Since mustard therapy 
seems to have been successful in improving the 
patient’s diarrhoea and general condition, it is proposed 
to readmit him to hospital at intervals for further 
therapy should this prove necessary. 

In summary, steatorrhoea, tetany and cachexia 
developed in a man with reticulosis confined to the 
lymph nodes of the mesentery. Biochemical tests 
indicated intestinal malabsorption. Clinical improve- 
ment on nitrogen mustard therapy was dramatic. 

Both these patients (Cases III and IV) 
illustrate how closely disease of the mesenteric 
lymph nodes or an intestinal short circuit may 
simulate the syndrome of idiopathic steator- 
rhoea. Since laparotomy was responsible for 
the final diagnosis in both cases and showed that 
active therapeutic measures could be taken, 
these cases carry an important message: 
laparotomy in itself is a relatively harmless 
procedure, and where there is any doubt about 
the diagnosis in an unexplained case of the 
malabsorption syndrome, it should be resorted 
to without delay. 

Malabsorption following ulcer surgery is, of 
course, a well recognized complication. Fairley 
and Kilner (1931) described the sprue syndrome 
occurring with gastro-jejuno-colic fistula. A 
more unusual event is malabsorption occurring 
after inadvertent gastro-ileostomy at subtotal 
gastrectomy (Moretz, 1949; Cooley and 
Hartmann, 1951) or ileo-colostomy (Brown, 
1949). A great deal of interest has centred on 
the macrocytic anemia which may occur in 
these cases (Barker and Hummell, 1939). 

Hodgkin’s disease and the related reticuloses 
are rarely confined to the mesenteric lymph 
nodes, and Case IV is therefore of unusual 
interest. Fairley and Mackie (1937) described 
four similar cases: two of lymphoma, one of 
Hodgkin’s disease and one of reticulosarcoma. 
A patient of Salvesen (1948) with malabsorption 
due to reticulosarcoma died from perforation 
of the bowel. Such cachectic patients do not 
easily withstand heavy X-irradiation of the 
abdomen and the success we have had with 
nitrogen mustard in Case IV, given in relatively 
small repeated doses, represents a therapeutic 
advance. 


Results of Absorption Tests 


Carbohydrate Absorption (Figure V). In Cases 
I and II, in the presence of idiopathic 
insufficiency, there were almost flat glucose 
tolerance curves, showing rises of only nine 
and 26 milligrammes per centum after the 
administration of 50 grammes of glucose. 
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In Case III, with a gastro-colic fistula, the 
patient had a very low fasting blood sugar, 
but showed a good rise of 100 milligrammes per 
centum returning to fasting level in one and a 
half hours. 

The curve in Case IV, with reticulosis of the 
mesenteric lymph nodes, was unusual. The 
fasting level of glucose was 88 milligrammes 
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Ficure V. 


Sugar (oral) tolerance curves in four patients with the malabsorption 
syndrome. 


per centum, rising slowly to a peak of 160 
milligrammes per centum at the end of three 
hours. Improvement in the curve was noted 
after therapy (Figure VI), when the maximum 
rise was observed after one and a half hours. 


Fat Absorptica (Figure VII). One of the 
outstanding ieatures in the biochemical picture 
of patients with the malabsorption syndrome, 
idiopathic or symptomatic, is the low level of 
total serum lipides (between 400 and 500 milli- 
grammes per centum). The curve obtained 
after the oral administration of 50 grammes of 
butter fat is low and flat. 


Protein Absorption (Figure VIII). The three 
patients on whom the oral glycine absorption 
test was performed showed a marked increase 
in the a-amino nitrogen. It appears that 
absorption of amino acid in these patients was 
in no way impaired. 


DISCUSSION 

Little difficulty is encountered in diagnosing 
the malabsorption syndrome when the more 
florid manifestations appear together; but 
it is likely that mild and atypical cases are 
commonly missed, and for this reason it is 
impossible to assess the incidence of the 
syndrome in the Australian community. The 
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Sugar (oral) tolerance curves in Case IV, before and after treatment 
with nitrogen mustard, showing a “ shift to the left’’ towards a 
more normal curve. 


possibility of an underlying mechanism of 
intestinal malabsorption should be considered 
in a number of clinical contexts. Intermittent 
diarrhoea of unknown etiology may be due to 
this cause (Case I) and it should be constantly 
borne in mind that “ idiopathic steatorrhoea ” 
is not a good descriptive term, because the 
stool may not always be obviously fatty in 
quality. A _ refractory iron deficiency or 
macrocytic anemia (Case II) may be due to 
malabsorption and in these cases the per- 
formance of simple absorption tests may save 
months of conjecture. It is conceivable that 
an unexplained bleeding tendency due to hypo- 
prothrombinemia may occur from impaired 
absorption of vitamin K. Absorption tests 
play an important part also in the differential 
diagnosis of the syndrome of osteomalacia— 
bone pains, spontaneous fractures, radiological 
osteoporosis and Milkman_pseudofractures, 
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hypocalcemia and hypophosphatemia. If 
these minor degrees of impaired absorption are 
borne in mind and these techniques of investi- 
gation are used, it is not unlikely that in the 
future many more cases will come to light. 

The most important biochemical tests of 
malabsorption are estimation of the serum 
calcium and serum protein levels, which are 
both low, and the oral glucose and fat tolerance 
tests. An estimation of fat absorption is 
obligatory, since mere estimation of fat in the 
feces is of limited value. Most other workers 
have preferred to employ the technique of five- 
or twelve-day quantitative fat balance tests 
(Cooke, Frazer et alii, 1946; Fourman, 1948) 
and have shown that less than 90% of fat is 
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Ficure VII. 
Fat tolerance curves in three patients with the malabsorption 
syndrome. 


technique is both time-consuming and tiresome 
and seems to have little practical advantage 
over the relatively simple oral butter test. The 
low fasting serum lipide level and the slight 
rise after the oral administration of 50 grammes 
of fat seem to be diagnostic of the malabsorption 
syndrome, particularly when the results of 


other investigations are also taken into 
consideration. 
The differentiation of symptomatic from 


idiopathic cases is a matter of some importance. 
In our limited experience, symptomatic cases 
of the malabsorption syndrome appear to be 
as common in Australia—where sprue is not 
encountered—as cases of so-called ‘‘ idiopathic 
steatorrhoea”’. Perusal of the above case 
reports demonstrates how difficult differentia- 
tion may be on clinical grounds alone. Of 
possible significance is the fact that the shape 
of the sugar tolerance curves in Cases III and 
IV was not flat as in the idiopathic cases. The 
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patient with the gastro-colic fistula showed a 
good rise from a low fasting level ; and the curve 
of the patient with reticulosis seemed to 
demonstrate delayed rather than impaired 
absorption. Radiology is, of course, of consider- 
able importance. In idiopathic steatorrhcea 
gastric dilatation and megacolon are often seen 
and indicate some degree of intestinal atony 
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Glycine tolerance curves in three patients with the malabsorption 
syndrome. 


(Snell and Camp, 1934; Kantor, 1940), and 
clumping of the barium in the small intestine 
(“‘ deficiency pattern ’’, “‘ moulage sign ’’) is also 
a diagnostic appearance. But these radiological 
signs may also be present in symptomatic cases, 
and one must in addition look for filling defects, 
internal fistulae and other abnormal appearances 
which may point to the true diagnosis. Even 
so, a gastro-colic fistula may be intermittent 
and not readily demonstrable, as in Case III, 
and laparotomy is a justifiable court of appeal 
where doubt exists. 

Classification which is not based on complete 
physiological understanding has a_ limited 
value ; but it is possible to differentiate several 
mechanisms causing the same pattern of mal- 
absorption. Reduction in length of the jejunum 
and ileum does not necessarily cause mal- 
absorption, for Althausen and Weiden and their 
colleagues (1950) have demonstrated satis- 
factory restitution of intestinal absorptive 








66 AUSTRALASIAN ANNALS OF MEDICINE 


function after the massive resection of the small 
bowel in two cases, and cite other similar reports, 
On the other hand, deflection of the contents of 
the stomach into the colon, inadvertent gastro- 
terminal ileostomy, or ileocolostomy where 
the greater part of the small intestine is non- 
functioning, as in regional ileitis (Crohn’s 
disease), commonly leads to steatorrheea, 
wasting and macrocytic anemia. Then there 
is the group of cases in which the absorption 
of fat is impaired by mechanical obstruction 
of the lacteals, as by tuberculosis, lymph- 
adenoma or reticulosarcoma affecting the 
mesenteric lymph nodes. In the idiopathic 
cases and in sprue it is necessary to resort to an 
hypothesis of an inherited or acquired 
biochemical lesion, in the absence of evidence 
of any demonstrable pathological lesion of the 
bowel (Fairley, 1937). The physiological 
anomaly is possibly that of defective phos- 
phorylation of fatty acid and glucose in the 
intestinal mucosa (Stannus, 1942). Frazer 
(1949), on the other hand, had attempted to 
link all the observed facts in a theory of faulty 
particulate absorption of fat. 


In the treatment of the malabsorption 
syndrome diet plays a rdle of fundamental 
importance. A low fat-high protein régime 
should be supplied, with generous vitamin 
supplements. When hypocalcemia is severe 
it may be necessary to give vitamin D by 
intramuscular injection. Experience with 
specific hematinic substances has varied. For 
many years crude liver extracts were employed 
with variable success. Davidson, Girdwood 
and Innes (1947) found that folic acid failed to 
improve the blood picture in patients with the 
sprue syndrome; and that it was without 
effect on the amount of fat absorbed. Weir 
and Comfort’s experience at the Mayo Clinic 
(1947) was essentially similar. Israels and 
Sharp (1950) and Tuck and Whittaker (1950) 
had unsatisfactory results treating megaloblastic 
anemia of idiopathic steatorrhcea with pure 
vitamin Brz. It is impossible, therefore, to 
lay down any hard and fast rules regarding 
therapy in the hematology of the malabsorption 
syndrome—the response to crude liver, folic 
acid or vitamin B12 can be estimated only by 
the method of trial and error. 


SUMMARY 
1. It is suggested that the term “ mal- 
absorption syndrome” should be _ used 


collectively to describe all cases of sprue, coeliac 
disease, idiopathic steatorrhcea and steatorrhoea 
complicating disease of the intestinal and 
mesenteric lymph nodes. 


2. Four cases are described. Two were 
idiopathic in type, in one of which the patient 
presented in the first instance with megaloblastic 
anemia and presented a difficult problem in 
diagnosis. Two cases were symptomatic. One 
of these patients had a gastro-colic fistula and 
was cured by operation; the other had 
reticulosis of the mesenteric lymph nodes and 
showed a remarkable clinical improvement 
with nitrogen mustard therapy. 


3. The outstanding clinical features were 
loss of weight, often severe; intermittent 
diarrhoea; | glossitis; latent tetany; and 
anemia. Frank steatorrhcea was not invariably 
present in all stages of the disease. 


4. The main biochemical features of the 
malabsorption syndrome are hypoproteinemia, 
hypocalcemia, hypoprothrombinemia, an 
abnormal oral sugar tolerance curve, a low 
fasting level of total serum lipide and a flat 
oral fat tolerance curve. 


5. These investigations are useful in the 
diagnosis of atypical syndromes of mal- 
absorption. As a useful screening test of fat 
absorption the oral fat tolerance test is preferred 
to more complicated fat balance studies. 


6. The possibility of intestinal malabsorption 
is to be considered in obscure cases of recurrent 
diarrhoea, refractory megaloblastic anemia, and 
osteomalacia. 


7. The value of exploratory laparotomy is 
stressed in regard to diagnosis. 
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DISSECTING ANEURYSM OF THE AORTA CONFIRMED BY 
ANGIOCARDIOGRAPHY 


E. J. HALLIDAY 
Sydney 


OVER the past two decades the diagnosis of 
dissecting aneurysm during life has become 
increasingly common. In the 300 cases 
reviewed by Shennan (1934) only seven were 
diagnosed ante mortem, yet Weisman and 
Adams (1944) reported 55% correct diagnoses 
over the preceding ten-year period. This 
improvement has been due to _ increasing 
awareness of the condition and its variable 
but characteristic symptoms. In the following 
case the diagnosis of dissecting aneurysm was 
not suspected until proved by angiocardio- 
graphy. 


CasE HISTORY 


M.Q., a housewife, first came under medical attention 
in 1946 at the age of fifty-five years. She was admitted 
to hospital with erysipelas and during the routine 
examination a systolic blood pressure exceeding 200 
millimetres of mercury was noted. After her discharge 
from hospital she had intermittent treatment of the 
condition over several years. Her systolic blood 
pressure remained in excess of 200 millimetres of 
mercury, but exact details are not known. She was 
free of symptoms over the period and led a normal, 
active life. 

On the evening of December 11, 1950, while sitting 
quietly in a chair, she was suddenly seized with a 
severe crushing pain behind the centre of the sternum 
passing through to the back. The onset was so rapid 
that she felt as though she had been shot through the 
chest. There was no radiation other than to the back. 
She felt weak and shaky and sweated excessively. 
Her medical practitioner was called and the injection 
of one-quarter grain of morphine followed shortly 
afterwards by 100 milligrammes of pethidine gave some 
relief, although still uncomfortable, she was able to 
rest. The following morning she was admitted to 
another hospital with a provisional diagnosis of 
coronary occlusion. The pain had eased by the time 
of her admission to hospital. The systolic blood 
pressure was recorded as 140, and the diastolic pressure 
as 100 millimetres of mercury. An electrocardiogram 
showed left axis deviation and some myocardial 
damage, but no evidence of any recent ischemic 
episode. 

After three days in hospital she became increasingly 
short of breath and developed an intermittent pyrexia 
up to 102:5°F. The clinical signs of fluid were 
detected on the left side of the chest. She was treated 
with sulphadiazine, penicillin and streptomycin without 
any improvement. An X-ray examination of the 
chest on December 28, 1950, revealed a large pleural 
effusion on the left side with considerable displacement 
of the mediastinum towards the right. Paracentesis 
thovacis was performed on December 30, 1950, and 
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repeated on January 2, 1951. On each occasion 
approximately 15 ounces of heavily blood-stained 
fluid were removed. On pathological examination the 
fluid showed a few lymphocytes, but there was no 
growth of organisms on culture. A further X-ray 
examination of the chest was taken on January 4 
(Figure I). A large effusion was still present with an 
overlying pneumothorax. In addition the superior 
mediastinum was widened, suggesting a_ possible 
mediastinal tumour. Ina subsequent X-ray examina- 


tion eight days later this enlargement was more pro- 
nounced and it was considered that the diagnosis of 
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carcinoma of the lung was most likely. In early 
February a bronchogram was performed (Figure II). 
The trachea was seen to be displaced to the right and 
compressed. The left upper lobe bronchus was not 
filled, and the left lower lobe bronchus but poorly. This 
was felt-to confirm the diagnosis of carcinoma of the 
left upper lobe bronchus. Bronchoscopy was 
attempted one week later, but the left main stem 
bronchus could not be entered. It was about this 
time that hoarseness of the voice was noted and this 
persisted over the ensuing months. Nothing further 
was done and the patient was discharged to a con- 
valescent home o:. March 4, 1951. 


On April 11 she was admitted to the Thoracic Unit, 
Royal Prince Alfred Hospital, for further investigation 
of the chest condition. At this time, apart from the 
hoarseness, she was free of symptoms. On examination 
the systolic blood pressure was 235, and the diastolic 
pressure 130 millimetres of mercury in both arms. 
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The apex beat was in the sixth left intercostal space, 
four and a half inches from the mid-line. No murmurs 
were present. There was still some diminution of 
movement, dulness to percussion, and reduction of 
breath sounds at the left base. Examination of the 
larynx showed a complete paralysis of the left vocal 
cord. Further X-ray pictures were taken (Figure III), 
and fluoroscopy was carried out. The radiologist 
reported : 

There is a large rounded tumour of the upper 
left hemithorax which occupies almost the entire 
subapical region of the left lung field. It involves 
the upper mediastinum and the hilar region and 
is somewhat posteriorly placed. It does not 
pulsate, but it displaces the cesophagus to the 
right and the cesophagus curves regularly around 
it. Even in the absence of pulsation the appear- 
ances are still those of aneurysm. 





Figure II. 


On April 18 a bronchoscopy was performed. The 
mucosa of the left main bronchus was very cedematous 
and swollen, but apart from prominent arterial 
pulsations no other abnormalities were noted. The 
response to the Wassermann test was negative. After 
the above investigations it was felt that the lesion was 
probably aneurysmal in nature but certain features 
seemed anomalous. The patient was then referred to 
the Hallstrom Institute of Cardiology for investigation. 
Angiocardiography was carried out on May 5, 1951, 
almost six months after the initial onset of her 
symptoms. 


The arm-tongue time was estimated using 50 
cubic centimetres of a solution of saccharine and 
this was injected in two seconds. By doing this, the 
altered hemodynamics present during the actual 
injection of the dye was reproduced, and the time 
estimated—1o-6 seconds—gave a reasonable guide to 
the ideal exposure times to obtain views of the left 
side of the heart and the aorta. Fifty cubic centimetres 
of a 70% solution of diodrast were then injected into 
the right basilic vein in two seconds with the patient 
in the prone position on the X-ray table. Films were 
taken with overhead tube at intervals of 2, 4, 8, Io, 
12 and 14 seconds from the commencement of the 
injection. 
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The first two films showed a normal right side of 
the heart. The third film (Figure IVa), taken eight 
seconds from the commencement of injection, showed 
dye in the pulmonary veins, the left-sided chambers of 
the heart and in the aorta. The ascending aorta 
appeared slightly dilated and from there the dye was 
seen to pass downwards in a very much narrowed 
channel on the medial side of the mediastinal mass. 
The appearance was seen better in the subsequent two 
films (Figures 1VB and IVc). This medial channel was 
more clearly defined, and the dye then appeared in 
progressively increasing concentration in the more 
lateral portion of the mass. A clear line of demarcation 
was seen between the two areas. The mass did not 
fill to its lateral extent. 

The interpretation placed on these findings was that 
the medial channel represented the true aortic lumen, 
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Figure III. 


and the lateral portion of the aneurysmal sac within 
the aortic wall. The line of demarcation was due to 
the intima and portion of media dividing the two. 
The aneurysm extended from the arch to the lower 
edge of the film close to the diaphragmatic level. 
The findings were thus indicative of a dissecting 
aneurysm. 

The patient was discharged from hospital shortly 
afterwards. She was well until September 1951, when 
she had a small hemoptysis. This cleared quickly, 
and nothing further occurred until November 11, 1951, 
when she had a sudden massive hemoptysis, and 
died within a few minutes. Post-mortem examination 
was refused. 


DISCUSSION 


In retrospect the clinical features in the 
early period of the patient’s illness were 
consistent with the diagnosis of dissecting 
aneurysm. She was known to have been 
hypertensive for some years, and was in the 
sixth decade—the time of maximal incidence of 
this condition. The situation and character 





AUSTRALASIAN ANNALS OF MEDICINE 


FiGurRE IVc. 





a 
> 
a 
a 
a 
D 
iC) 
_ 
& 





FIGURE IVA. 








ARTERIOGRAPHY AND AORTIC ANEURYSM 71 


of the pain were classical. Her own description 
of feeling as if she were shot through the chest 
from front to back illustrated well the site and 
rapidity of onset of the pain. The subsequent 
development of a heavily-bloodstained pleural 
effusion with evidence of mediastinal enlarge- 
ment in the region of the aortic arch followed a 
known course of the disease. 

As, however, the possibility of this diagnosis 
was not considered in the early stages, the 
details of this part of the clinical history were 
rather pushed into the background, and the 
problem was considered merely as a mediastinal 
tumour with a complicating pleural effusion. 
It was thus that the patient was referred after 
some months, with a provisional diagnosis of 
carcinoma of the lung. 


The presentation of dissecting aneurysm as a 
‘“‘ mediastinal tumour ”’ is not rare, particularly 
in those cases in which the onset lacks its usual 
severity. One such case has been seen pre- 
viously at the Royal Prince Alfred Hospital, 
and it was included in a series of cases reviewed 
by Halliday and Robertson in 1946. The 
presenting symptoms were substernal pain over 
a period of two months and _ progressive 
dysphagia and dyspnoea for one month. An 
X-ray examination revealed a large mass in 
the posterior and middle mediastinum around 
the large vessels, and _ constricting the 
cesophagus. The condition was considered to 
be a mediastinal neoplasm, but the patient 
’ died suddenly, and post-mortem examination 
revealed a dissecting aneurysm which had 
ruptured terminally in the right pleural cavity. 


In the case reported by Patrick and Taylor 
(1929) the patient developed progressive 
dysphagia and X-ray examination revealed a 
large non-pulsating. mass displacing the 
cesophagus forwards and to the left. Thorac- 
otomy was performed, and the mass incised 
with a resultant massive hemorrhage and 
subsequent death. 

Further evidence of the possible risks with 
this type of case was seen in the case reported 
by Chandler-Smith and Sancetta (1950). The 
patient was suffering from pulmonary tuber- 
culosis and had bilateral artificial pneumo- 
thorax. The patient developed intermittent 
substernal pain unrelated to exertion, followed 
by a more severe attack with radiation to the 
neck and left arm, and associated with dyspneea. 
The pain subsided in four days, but the dyspnoea 
persisted. X-ray examination of the chest 
revealed a convex bulge of the right border of 
the mediastinum at the level of the hilum of the 
right lung. This was regarded as a para- 
mediastinal effusion, and an attempt was made 


to aspirate it. Blood was obtained, and the 
patient died ten minutes later from cardiac 
tamponade. At post-mortem examination the 
dissecting aneurysm was found to be confined 
to the media, and no intimal tear was present. 


It is in cases belonging to this group that 
angiocardiography appears to have its place 
as a diagnostic aid. It may enable an exact 
diagnosis to be confirmed, and save unnecessary 
operations and possible disasters such as those 
recorded above. However, there are certain 
limitations which must be appreciated. A 
successful result depends on obtaining an 
adequate concentration of dye in the aneurysmal 
sac. Under three conditions this will be 
impossible: (a) If the sac is filled with blood 
clot. (b) If the intimal tear is too small to 
allow a reasonable concentration of the dye to 
accumulate in the sac. (c) If, as is seen in a 
small percentage of cases, no intimal tear is 
present. 


The case of Chandler-Smith and Sancetta 
belonged to the latter group, and angiocardio- 
graphy might have given a false negative result. 


As to the risk of the procedure in these cases, 
evidence shows that the pressure falls following 
the injection, thus not increasing the possibility 
of further splitting. Realizing the tendency 
to spontaneous rupture of these aneurysms, it 
would appear advisable to delay the procedure 
if the condition was of recent onset, or if any 
progressive changes in its size were noted. 


Notwithstanding the limitations and 
difficulties mentioned, angiocardiography 
appears to have a definite place in the investi- 
gation and diagnosis of these cases. This case 
is presented as no previous records of this use 
of angiocardiography could be discovered, 
and the case appeared to illustrate well the 
successful use of the procedure. 


SUMMARY 


1. A case of dissecting aneurysm is presented 
in which the diagnosis was confirmed by 
angiocardiography. 

2. Some of the indications for the use of the 
procedure are discussed, together with its 
difficulties and limitations. 
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THE PELGER-HUET ANOMALY OF THE LEUCOCYTES 


Eva A. SHIPTON 
Sydney 


PELGER’S congenital anomaly of the leuco- 
cytes, although not a _ widely recognized 
condition, is of great importance both in 
clinical medicine and in genetics. 


The condition is unmistakable when once 
the Peiger-Huet cells have been recognized in 
the blood films. Briefly the change consists 
of an inhibition of the segmentation of the 
neutrophile nucleus so that, in the blood 
picture, the single lobed and two lobed neutro- 
phile cells predominate. Only an occasional 
form is seen with a three lobed nucleus. This 
immaturity of the nuclear form is, however, 
contradicted by the maturity of the nuclear 
structure. 


The nucleus shows a wealth of chromatin 
present in large moulded clumps. Some of the 
cells have the nucleus shaped like a peanut or 
dumb-bell; others have a typical pinc-nez 
appearance, which is also frequently seen in the 
eosinophile cells of normal blood. In other 
words, there is a dissociation between the 
maturity of the form and structure. 


The family herewith reported was discovered 
during the routine examination of one member. 
Five generations were traced and as far as can 
be ascertained, the lineage is of British stock. 


The abnormal cells were found in three 
generations — the grandmother, her two 
daughters, and two granddaughters. Two other 
granddaughters and a grandson had normal 
blood pictures, and one granddaughter was 
dead. 


The medical history of the family is as 
follows : 

First Generation Examined. A grandmother, 
seventy-eight years of age, states that she 
is quite well and has rarely consuited a 
doctor. The anomaly was present in her blood. 


Second Generation. Mrs. R., the elder 
daughter, was in normal health and had no 
history of serious illness. Her blood showed 
the anomaly. 

Mrs. Y., the other daughter and mother of 
the grandchildren, was seen in August 1949 
with a history of excessive fatigue and sore 
throats. Her blood pressure was normal. 
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Sugar was present in her urine, and a glucose 
tolerance test showed a mild disturbance of 
carbohydrate metabolism. Previous to this 
her health had always been good. Her blood 
was affected. 


Third Generation. 1. The eldest grandchild, 
a female, was dead. The medical history 
showed that she had suffered from severe 
menstrual disturbances, with scanty and 
infrequent periods. In 1937, at the age of 
nineteen, she complained of pain in the lower 
part of the abdomen and back. Examined 
by Dr. B. T. Edye, she was found to have 
adenocarcinoma of the rectum. A resection 
was performed, but she died in 1944, apparently 
of metastases. By the courtesy of Dr. Edye, 
a copy of the leucocyte count was obtained. 
The total white cell count was 7,700 per cubic 
millimetre and of the 60% neutrophile cells 
40 were band forms and 22 segmented, so that 
in all probability this patient also showed the 
anomaly. 


2. Mrs. C., a female, the second child, was 
seen in August 1949, aged twenty-five years, 
complaining of sterility. No menstrual periods 
occurred until she was seventeen years of age, 
when after hormonal treatment she had three 
scanty periods. Her breasts were small and 
body hair was meagre. The glucose tolerance 
test gave a normal result. Her basal metabolic 
rate was —21%. A blood count disclosed the 
Pelger-Huet anomaly of the leucocytes, and 
this led to the examination of the relatives. 


3. A third grandchild, a female, aged twenty- 
three years, was resident in another State. 
However, blood films were obtained, which 
showed no abnormality. 


4. A fourth grandchild, a female, aged twenty 
years, M.Y., was unmarried. She had been 
treated during the last three years for diabetes 
mellitus. The appearance of this girl suggested 
some pituitary dysfunction. Her blood showed 
the anomaly. 

5. A fifth grandchild, W.Y., a male, aged 
eighteen years, was in good health, and had a 
normal blood picture. 


6. A sixth grandchild, a female, L.Y., aged 
fourteen years, had a normal blood picture, 








74 AUSTRALASIAN ANNALS OF MEDICINE 


and nothing abnormal could be detected on 
clinical examination. 


The blood films from the father of these six 
members of the third generation were normal. 





Photomicrograph of the Pelger-Huet cells from Mrs. C. 


Differential leucocyte counts for each of the 
five affected members are shown in Table I, 
Figure I is a photomicrograph of the Pelger-Huet 
cells from Mrs. C. 


It was impossible to examine the bone 
marrow of any of these persons, but full 
descriptions have been given by Undritz (1937), 
Stodtmeister (1936), Tischendorf (1939), Rohr 
(1949) and Leitner (1949). 


Marrow preparations from the homozygous 
Pelger rabbits, to be discussed later, were also 
examined by Undritz (1943). 


REVIEW OF THE LITERATURE 


The Pelger-Huet anomaly of the leucocytes 
was first demonstrated by Pelger, a Dutch 
hematologist, in 1928. In 1931 he reported 
a second case, and Huet (1931) found similar 
cells in a niece of one of Pelger’s patients 
which led to the examination of the remaining 
relatives and the finding of other affected 
members, whom Huet reported with two more 
families from Holland in 1932. In the same 
year the publications of Burger and Jordans 
appeared, and in 1933 Undritz described a 
family from Switzerland with what he then 
called the pseudo-regenerative white blood cell 
picture, and Schilling (1933) fully investigated 
two new families, one from Czechoslovakia and 
one from Germany (Weigeldt, 1933). It was 
Schilling who first suggested that the unusual 
change in the white cells be termed the Pelger- 
Huet anomaly of the leucocytes. 


Two other families were found at this time, 
one by Huet and one by Hadorn, the details of 
which were not published until 1937 by Undritz 
(1937). 

Naegeli (1934), Leitner and Van Leeuwen 
(1935), Dietzel (1925), Zundel (1935) and 
Peterson (1935) reported families with the 
same blood picture, that of Leitner and Van 
Leeuwen (1935) being the first family reported 
completely free of history or symptoms of 
tuberculosis, and Peterson’s (1935) family was 
Chinese, resident in America. 


In 1936 the literature was enriched by further 


reports. Schilling (1936) commented on an 
example of the characteristic cells found in a 


TABLE I 


Blood Counts of the Affected Members 












































Neutrophile Cells. | 
Name. l ~~ | Lympho- Mono- Eosinophile Total. 
| One | Two Three cytes. cytes. Cells. 
Round Lobe. Lobes. Lobes. 
a 
First generation— | ? 
Great grandmother oe ok I 27 29 3 29 8 3 8,200 
Second generation— : | 
Daughter, Mrs. R., sister to 
rs. Y.° ss ie pi 2 44 36 _— 15 2 I 8,000 
Daughter, Mrs. Y. n. ‘s I 44 33 — 16 5 I 8,000 
Third generation— 
Mrs. C., granddaughter .. 2 33 21 | I | 26 6 113 6,800 
M.Y., granddaughter I | 21 32 | 2 38 3 3 7,600 
| | 














1One with round nucleus. 
2 One perfect twin cell was seen in this film. 
* Five with round nucleus. 
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native of Java by den Hartog Jager (1936). 
Alieff and Reekers (1936) discovered a family 
with thirteen affected members in three genera- 
tions, and Roos (1936) reported another from 
Holland. Stahel (1936) discussed what at the 
time was believed to be a sporadic example of the 
anomaly without the condition being demon- 
strable in either of the parents, but later 
Undritz (1943) reexamined these blood films 
and found that both parents were “ partial 
carriers’. The same was found to be true for 
the sporadic case reported by Zundel (1936). 
A single case was found in France by 
Chevallier and Ely (1936) and Kokubo (1936) 
reported an interesting Japanese family with 
the anomaly. Eight were typical examples, 
and four what he termed “ half typical ”’. 


Undritz (1937) saw a patient who had 
“ Pelger’”’ cells present, but also normal cells, 
and described the person with this variation 
of the anomaly as a “ Tetltrdger’’, translated 
by Leitner (1949) as “a partial carrier ”’. 


Lorenz (1937), who found the Pelger cells in 
five members of a family of eight, regarded them 
as a degenerative phenomenon and also believed 
the cells to be of great importance in genetics. 


Tileston’s report (1937) covered the first 
example in a patient of English ancestry, but 
unfortunately no direct descendants could be 
seen. Another German family was discovered 
by Ludtmann (1937). 


It was in 1938 that Leitner stressed the 
dissociation between the form of the nucleus 
and its structural maturity in these cells, also 
describing three further families, and Hadorn 
and Blum’s publication appeared the same 
year (1938). 

Two families were reported by Tischendorf 
(1939) with the anomaly involving the neutro- 
phile cells, eosinophile cells, basophile cells, 
and monocytes, and Huber’s case (1939) is 
unique in that the patient was suffering from 
chronic myelosis, and also showed the Pelger 
cells. One daughter showed the anomaly, 
but the other six children were normal. 


Kokubo (1939) found a second Japanese 
family, and added some data about his first 
report. 

In 1939, Pelger cells were first found in the 
blood of animals by Knoll and Schmidt and 
Schmidt (1939), and Undritz (1939) having 
found them in rabbits, commenced his work 
on the importance of these cells in comparative 
hematology. 


Only four other reports of the Pelger-Huet 
anomaly in human blood are present in the 
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literature, namely those of Van der Sar (1944), 
Jonsson, Bostrom and Bringel (1948), Wegmann 
(1948) and Gramiccia (1951). 


DISCUSSION 


Huet (1932) was the first to point out the 
hereditary nature of this deviation from normal 
of the neutrophile cells. His first reported 
patient, a girl of seven, proved on further 
inquiry to be a niece of the patient reported by 
Pelger, and the phenomenon was then found in 
three generations of this family. It was not 
confined to one sex, and did not skip one 
generation to appear in the next. All the 
reported cases show the conditions to be a 
dominant characteristic and not sex bound, 
with the exception of three, the sporadic cases 
of Stahel (1936) and Zundel (1936), and the 
second case of Jonsson, Bostrom and Bringel. 
Undritz (1943) reexamined the films from the 
parents of Stahel’s patient and found them both 
to be “ partial carriers’’, and the same was 
found with the father of Zundel’s patient. 
Unfortunately the slide from the mother was 
not available. Nevertheless Undritz did not 
claim that the mode of inheritance in these two 
had been fully explained, and there still remains 
the case of Jonsson, Bostrom and Bringel, in 
which the blood of the parents was carefully 
examined and the possibility of their being 
“ partial carriers ’’ of the Pelger-Huet anomaly 
was excluded. [Illegitimacy could provide the 
explanation in this instance. The blood groups 
are not given. 


Schilling (1933) was the first to point out the 
possible medico-legal importance of _ the 
anomaly, and Undritz (1943) conjectured that 
as all the leucocytes are affected in this 
condition, the general body cells may be 
affected also, at least those which develop 
from the mesenchyme. 


Tischendorf (1939) believes that the 
inheritance through the male line is rare, and 
females appear to have transmitted the con- 
dition more frequently than males. 


Nachtsheim (1943) carried out a brilliant 
piece of research suggested by Undritz (1943) 
and has cleared up several of the problems 
connected with the inheritance of this anomaly 
of the leucocytes. 


Nachtsheim stressed the view that all the 
cases of Pelger’s anomaly reported must be 
heterozygote, as in no family were both parents 
carriers of the condition. By mating rabbits, 
both full carriers of the gene, Nachtsheim was 
successful in obtaining a few homozygous 
rabbits, but instead of the expected theoretical 
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numbers of 50% dominant heterozygotes, 25% 
recessive homozygotes and 25% dominant 
homozygotes, the number of dominant homo- 
zygotes was less than the theoretical number. 
He then found that many of these homozygote 
Pelger rabbits or ‘“‘ Uber Pelger’’ died in utero, 
or shortly after birth. The surviving homo- 
zygotes, about 10%, were recognized by the 
following syndrome: arrested growth, severe 
malformations of the extremities especially in 
the fore limbs, scab formation around the 
mouth and nose, a constant flow of saliva, and 
emaciation. 


The blood was examined by Undritz (1943), 
who found that all the leucocyte nuclei, 
neutrophile, eosinophile, basophile and 
monocyte, were round ; even the lymphocytes 
and plasma cells showed extreme clumping of 
the nuclei. This observation removed any 
remaining doubt that the Pelger characteristic 
exists in eleven kinds of leucocytes without 
exception. 


Nachtsheim succeeded in bringing one 
homozygote Pelger to sexual maturity and in 
breeding from it, by crossing it with a normal 
rabbit. The examination of the blood from the 
litter produced proved that the homozygous 
Pelger rabbit was indeed homozygous. 


This important piece of research shows quite 
definitely that the Pelger anomaly can no 
longer be regarded as a “ Spiel der Natur”’ 
as Schilling expresses it, or as a harmless blood 
picture. In double doses it may be lethal. 


There has as yet been no description of the 
homozygous Pelger state in man; however, 
the possibility of such a condition as a rare 
cause of foetal death should be borne in mind. 


In the family here reported it appears ihe 
the gene will disappear with this generation. 
On the other hand the grandmother was always 
remarkably healthy and the mother had six 
children. Whether other factors are present, 
which together with the Pelger gene affect the 
individual to a greater degree, is a matter for 
future investigation. 


Pelger (1928) and many of the earlier 
investigators, including Stahel (1937) believed 
the anomaly to be especially associated with 
tuberculosis, but further studies have not 
confirmed this. Stahel believed that the bearers 
of the anomaly have a deficient defence 
mechanism to deal with infection. 


Direct functional tests of phagocytic activity 
were carried out by Leitner (1938) and the 
results showed that the mature Pelger leucocytes 
in the peripheral blood phagocytosed tubercle 


bacilli to the same extent as the leucocytes of 
a normal control; the immature cells, on the 
other hand, were less active. 


With intercurrent acute disease the “ shift 
to the left’’ may become very pronounced. 
In case four, reported by Jonsson (1948), in a 
patient admitted to hospital with the diagnosis of 
acute pneumonia, about one-third of the neutro- 
phile leucocyte nuclei were round. At a later 
examination the changes due to the infection 
had disappeared and were replaced by the 
usual Pelger picture. In pus from furuncles, 
and in cantharides blisters, typical Pelger 
leucocytes have been observed (Hadorn and 
Blum, 1938). 

Wegmann (1948) considers that the Pelger 
carrier has a constitutional weakness. 


One of Zundel’s (1935) patients showed a 
strong basophilic toxic granulation of the 
neutrophile cells without clinical cause, and 
two others responded to slight infections with a 
lymphatic reaction. 


Undritz (1943) discusses in great detail the 
importance of the Pelger cells in comparative 
hematology, and believes that the differences 
between the varying nuclear morphology of the 
leucocytes of the mammals to the round nuclei 
of the leucocytes of the invertebrates, can now 
be explained. He considers that the poly- 
morphonuclear cell with a round nucleus is 
phylogenetically the oldest, and that, with the 
development of the animal kingdom, the nuclei 
of polymorphonuclear cells have developed 
gradually from the round to the normal 
segmented type now seen in the _ higher 
mammals. The Pelger anomaly is therefore 
to be looked upon as a persistence of the 
phylogenetically oldest form of leucocyte. 


SUMMARY 


A family showing the Pelger-Huet anomaly 
of the leucocytes is reported. 


The condition is discussed and its importance 
stressed. 


The available literature has been reviewed. 
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THE ROLE OF BLOOD COAGULATION IN THE PRODUCTION OF 
HEMOLYSIS IN PAROXYSMAL NOCTURNAL HAEMOGLOBINURIA! 


RayMonpD N. LYOoNns, 
Department of Surgery, University of Sydney 


HIJMANS VAN DEN BERGH (1911) reported a 
case of hemolytic anemia which has since 
been characterized as paroxysmal nocturnal 
hemoglobinuria (P.N.H.) or the Marchiafava- 
Micheli syndrome. It is notable that Hijmans 
van den Bergh observed that the defect was of 
the red blood cell and that when serum, 
slightly acidified by carbon dioxide, was added 
to the cells im vitro, marked hemolysis occurred. 


The Ham (1939) acid hemolysis test for 
P.N.H. may have been based upon these 
findings. Ham added several other criteria 
for diagnosis in addition to the acid hzmolysis 
test. 


It was not until Crosby and Damashek (1950) 
and Crosby (1950) published their results that 
there was any suggestion that the coagulation 
of the blood was linked with the intravascular 
hemolysis of P.N.H. However, it is well 
recognized that multiple thromboses are 
characteristic autopsy findings in patients 
dying of P.N.H. These authors suggested that 
serum accelerator globulin and thrombin were 
able to activate the hemolytic factor in plasma 
or serum in vitro when liability to hemolyse was 
determined by Ham’s test. They also suggested 
that dicumarol might be of use in combating a 
hemolytic crisis. 

One patient with P.N.H. has been observed 
over a period of four years and he has shown 
frequent abnormalities in his blood coagulation 
system. The most noticeable of the in vitro 
findings was the marked hemolysis which 
followed normal clotting of the patient’s blood 
if it was incubated at 37° C. for fifteen to thirty 
minutes after clotting (pH 7-3). Although 
this phenomenon is listed by Ham among his 
criteria as frequent, but not necessarily general, 
it invariably occurred during the investigation 
of this patient. 

The anti-coagulants heparin, citrate ions and 
oxalate ions prevented hemolysis when they 
were present in concentrations sufficient to 
prevent clotting of the blood sample in vitro. 


1 This work was carried out under a grant from the 
National Health and Medical Research Council. 
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During the period of observation of this 
patient, Ham’s test has been invariably given 
a positive response and all tests for hemolysins 
negative results. 

Because hemolysis occurred after clotting 
between pH 7:3 and 7:45 it was thought 
desirable to investigate the relationship between 
clotting and hemolysis within this pH range. 
Fewer artefacts should be introduced in this 
system than in one at pH 6:5 to 6°8. 


It was found that when clotting occurred 
at pH 7-3 to 7-45 in the presence of the patient’s 
cells, marked hemolysis always occurred. 
When clotting did not occur, hemolysis 
appeared only when the cells were mixed with 
serum acidified to pH 6-5 to 6-8 (Ham’s test), 
The degree of hemolysis was similar in both 
systems. 

Some of the mixtures used to produce a clot, 
together with the controls, are set out in the 
accompanying table. To avoid unnecessary 
repetition, the results have been condensed. 
It is to be stressed that hemolysis was never 
observed unless the patient’s cells were used— 
cells from normal subjects never gave positive 
results. 


Wherever a clot was formed in the presence 
of the patient’s cells, gross hemolysis occurred. 
The same results were obtained when fibrinogen 
and/or the thrombin used in the test were of 
human, bovine, canine or rabbit origin. When 
the fibrinogen content was maintained at the 
same level and the thrombin concentration 
progressively decreased, marked hemolysis 
failed to occur only when clotting was com- 
pletely inhibited. 


The observation of Crosby and Damashek 
that fibrinolysin does not produce hemolysis 
of P.N.H. cells im vitro was further substantiated 
by adding serum from a patient with severe 
fibrinolysis to the patient’s cells (without 
acidification). No hemolysis was observed 
during four hours. 


The possible réle of the intermediates in the 
thrombin-fibrinogen reaction in relation to 
heinolysis in P.N.H. is subject to current 
investigation. 
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TaBLe I 
| 
Patient’s | } 

Cells.* | Other Reagents Added (pH 7: 3). Clot. Hemolysis. 
o-r ml, 0-6 ml. physiological saline oe — - 
o-r mi, 0-6 ml. bovine thrombin 20 units/ml. = - 
o-r mi, o-6 ml. human thrombin 20 units/ml. _ _ 
o-r mi. | 0°6 ml. oxalated plasma (human) - — 
o-r mi, 0-6 ml. oxalated plasma (canine) - - 
o-r mi, 0:6 ml. oxalated plasma (rabbit) — _ 
o-r ml. 0:6 ml. fibrinogen (human) — =_ 
o-r mi. o°6 ml. fibrinogen (canine) _ - 
o-r mi, o:r ml. fibrinogen (rabbit) ? - - 
o-r mi o:3 ml. oxalated plasma (human, ‘canine or rabbit) — , Pere 

+o-3 ml, thrombin (human, canine or rabbit) s 
ove mi 0:3 ml. fibrinogen (human, canine or rabbit) oat 

. +o:3 ml. thrombin (human, canine or rabbit) Li , 
one tal o-4 ml. serum (patient’s chilled immediately) _ = 

F +o-2 ml. thromboplastin after clotting) 

y o:2 ml. oxalated plasma (human) ' _ 
o-r ml, +o:2 ml. M/4o CaCl,+0-2 ml. thromboplastin) s 4s es #3 xe . +++ 
o-r mi. o-4 ml. serum+o-2 ml. thrombin (bovine or human) ; a a - - 
o-r mi. o-4 ml. oxalated plasma+o-2 ml. thrombin (human or bovine) + t++ 








1 The poe s cells were washed with physiological sa saline until the supernatant saline showed no obvious hemolysis after centrifugation. 
The saline was pipetted off and the packed cell suspension was used. Packed cells from the patient’s oxalated plasma usually occupied between 
14% and 20% of the total volume of blood. 


with paroxysmal nocturnal hemoglobinuria. 
His cooperation and helpful suggestions during 
this work are greatly appreciated. 


SUMMARY 


One patient with paroxysmal nocturnal 
hemoglobinuria has been investigated over a 


period of four years. His red blood cells have REFERENCES 
been found to undergo hemolysis at normal CrosBy, W. H. (1950), ‘‘ Paroxysmal Nocturnal 
blood pH when incubated for thirty minutes Hemoglobinuria: A Specific Test for the Disease 


in any isotonic mixture which produces a fibrin 
clot. 


The fibrinogen and thrombin used in any of 


Based on the Ability of Thrombin to Activate the 
Hemolytic Factor’’, Blood, 5, 843. 

CrosBy, W. H., and DAMASHEK, W. (1950), 
‘Paroxysmal Nocturnal Hemoglobunirua: The 





Mechanism of Hemolysis and its Relation to the 
Coagulation Mechanism ’’, Blood, 5, 822. 

Ham, T. H. (1939), ‘‘ Studies on Destruction of Red 
Blood Cells: Chronic Hemolytic Anemia with 
Paroxysmal Nocturnal Hemoglobinuria : An Investi- 
gation of the Mechanism of Hemolysis with Observa- 
tions on Five Cases ’’, Arch. Int. Med., 64, 1271. 

Hiymans, A. A. VAN DEN BERGH (1911), “ Ictéve 
hémolitique avec crises hémoglobinuriques. Fragilité 
globulaire ’’, Rev. méd., 31, 63, quoted by Crosby and 
Damashek, Joc. cit. 


these systems need not necessarily be human, 
but may be of bovine, canine or rabbit origin. 
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ANTIBODY TO THE ERYTHROCYTE-COATING POLYSACCHARIDE 
OF STAPHYLOCOCCI : ITS OCCURRENCE IN HUMAN SERA 


PHYLLIS M. ROUNTREE AND R. G. H. BARBOUR 


From the Fairfax Institute of Pathology, Royal Prince Alfred Hospital, 
Sydney 


STUDIES of staphylococcal immunity in man 
have been concerned chiefly with antitoxic 
immunity. For example, there have been 
investigations of the serum levels of « antitoxin 
in various age groups (Bryce and Burnet, 1932), 
in various clinical infections (Dolman, 1935 ; 
Murray, 1935) and of the passage of antitoxin 
across the placenta to the foetus (Murray, 
Calman and Lepine, 1950; Vahlquist, Lager- 
crantz and Nordbring, 1950). From numerous 
studies there has emerged little evidence that 
the presence of circulating antitoxin has any 
substantial effect on the course of staphylococcal 
infection in man and, as pointed out by Parrish 
(1951), this is particularly true in the case of 
newborn infants in whom, despite the presence 
of circulating antitoxin derived from the mother, 
infection with Staph. pyogenes often produces a 
fulminating disease differing markedly in clinical 
character from that in older children or adults. 
It has been considered likely by a number of 
workers (for example, Bge, 1946) that a large 
element of hypersensitivity enters into the 
clinical picture produced by staphylococcal 
infection of the adult and older child, particu- 
larly in the skin lesions. At the same time, 
however, investigation of other antibodies 
especially of antibacterial ones, might afford 
further insight into the problems of staphylo- 
coccal immunity. 


The description by Keogh and his co-workers 
(1948) of an erythrocyte-coating polysaccharide 
antigen in staphylococci suggested its use to 
measure antibody levels in human sera. While 
there is no direct evidence of any major réle 
being played by this antibody in staphylococcal 
immunity, the antibody levels found in a wide 
range of normal human sera appear of sufficient 
interest to be reported. 


PREPARATION OF THE ANTIGEN 


The phenol insoluble erythrocyte-coating 
polysaccharide was prepared by the method of 
Warburton, Keogh and Williams (1949). The 
preparations were stored as a dry powder on 
watch glasses in a desiccator and dissolved in 
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sterile physiological saline as I in 1000 solutions 
when required. These solutions were kept in 
the refrigerator when not in use, but it was 
found that inactivation occurred gradually 
under these conditions, the average period 
during which the antigen remained active being 
four to six weeks. 


In preliminary studies, polysaccharide was 
prepared from a number of strains of coagulase 
positive staphylococci including Cowan’s 
serological types I and III and strain 1339 
(the propagating strain of Wilson and Atkinson’s 
phage 3C) and from one strain of a coagulase 
negative Staph. albus isolated in the laboratory 
as a plate contaminant. The average yield of 
polysaccharide was 2:0 milligrammes per 0-4 
grammes of cells (wet weight), which represented 
the 24 hours’ growth on one Roux bottle of agar 
medium. 

Serum from a rabbit immunized with strain 
1339 was used to determine the antigen content 
of the various preparations. This serum had 
an antibody titre of I in 160, whatever the 
antigen used for its titration. The average 
antigen titres of preparations from the various 
strains were as follows : Cowan I, I in 256,000 ; 
Cowan III, i in 64,000; 1339, I in 128,000; 
and the Staph. albus, I in 16,000. 


These results indicated that the phenol 
insoluble polysaccharide was a component 
common to both coagulase positive and negative 
staphylococci but that the amount of antigen 
extractable from the various strains used 
appeared to vary from strain to strain. 


Antigen from strain 1339 was used in the 
human. antibody titrations. 


TITRATION OF SERUM ANTIBODY 

The erythrocytes used were Group O human 
cells washed three times in saline before use. 
They were sensitized with 16 times the minimum 
amount of antigen found to render cells 
agglutinable by the 1339 rabbit serum. The 
sensitivity of the cells in each batch of titrations 
was checked by including a titration of the 
rabbit serum. Sera were inactivated at 56° C. 
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for twenty minutes before titration. The sera 
were titrated by the method of doubling 
dilutions, in a range from 1 in 2 to I in 256. 
To each tube which contained nine drops of 
diluted serum was added one drop of 5% 
sensitized erythrocytes and the tubes were well 
shaken. The degree of agglutination was read 
after the tubes had sedimented for one hour at 
room temperature. The antibody titre of the 
serum was taken as the reciprocal of that 
dilution showing complete agglutination of the 
cells, minor degrees of clumping being ignored. 


SOURCES OF HUMAN SERA 
The sera tested came from a number of 
sources. One series consisted of sera from 
normal women at parturition and the cord 
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ANTIBODY TITRES IN HUMAN SERA 


Sera from 553 individuals were examined and 
the results are set out in Table I. The sera 
have been divided into groups according to 
age and in the adults according to sex. The 
mean titre of each group is expressed in terms 
of the log, mean and the standard deviation of 
each mean is given. It should be noted that 
there is, with one exception, considerable 
skewness in the distribution of the titres in 
each group. 

In 26 of 32 infants at birth no antibody could 
be detected in serum from cord blood. In the 
remaining six infants small quantities of anti- 
body were found, in one, identical with that 
of the mother, in the other five, considerably 
less than the mother’s. Sera from the mothers 


TaBLe I 
Antibody Titres to the Erythrocyte-Coating Polysaccharide of the Staphylococcus in Human Sera 





Children. 
Serum Titre. 
At o-4 4-24 2-15 
Birth. Months.| Months.’ Years. 
Males. 
Actual. Log,. 
<2 ° 26 13 5 I 8 
— —<_—  . - a. ££ . © ae. ae. ae 
.. #. | eto t @. a. = 
 - 1. £) 8 let S&S r 
a sae m= — i 6 : a3 10° 
toed...) oe ‘ 
oe oa neo a a ee ae” 8 
i 126 eS ee ee oe ak 1 
- 256 8 sina it a pie 4 
Total number —=«|sSsig2]s's|sitGs| gs || 
~ Log, mean pier 0-31 rs re , 2:56 : 3°75 “2-92 
~ SD | 0-7 | 4-03 | a-7g | 2-05 | 2-33 


One series came from pregnant women attending 
an antenatal clinic. A series comparable in 
age came from non-pregnant women attending 
the Red Cross Blood Transfusion Service as 
blood donors. Sera from infants and children 
suffering from clinical conditions other than 
staphylococcal infections were obtained from 
the Royal Alexandra Hospital for Children. 
The remainder of the sera were taken at random 
from sera sent to this laboratory for application 
of the Wassermann test. 
F 


Adults. 
15-40 Years. 41-60 Years. 61 Years. + 
Females. 
s Males. | Females., Males. | Females. 
Preg At De- S 
nant nant livery. 
3 14 5 18 4 
ia ee 6 I II 8 II “9 
| 7 7 + 2 12 7 II : 4 
7 ° 10 5 11 9 : II 4 
: 130 Py 6 13 6 : 8 5 ; 3 
7 8 7 3 7 3 3 
; 5 4 3 4 3 
: - ie . = i - il a 3 2 - : 
7 y é I ; 2 I 
54 a 48 32 ; 62 50 63 27 
as *I2 2°32 3°08 2 02 2°07 


1°95 1-90 I-62 


of these infants had a mean titre of 4-12. 
Blood from 16 infants up to the age of four 
months likewise contained little or no antibody, 
the mean titre of 0-44 being comparable with 
that of 0-32 obtained from the newborn. 

From the age of four months onwards, 
antibody was found in considerable quantities 
in individual sera. The mean titre in the age 
group 4 to 24 months was 2-55 and had risen 
to 3-75 in the 2 to I5 years age group. 

The adult sera have been differentiated with 
regard to both age and sex, and, in the 15 to 40 
female group, with regard to pregnancy. 
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Examination of the data reveals certain 
differences and trends between these groups. 

The first difference appears on examining the 
15 to 40 female age group, and it concerns the 
infuence of pregnancy on the antibody titres. 
The standard deviation for the females at 
delivery was lower than that of any other group 
among the adults, and this series of sera gave 
a normal distribution in contrast to the skewness 
shown by all other groups. The sera taken at 
delivery and at various stages during pregnancy 
have almost identical mean values (4-22 and 
4°12) and are higher than those of any other 
groups of sera. In view of the difference in 
distribution of the ‘at delivery” group, 
calculations of statistical significance have 
been made only between the pregnant and 
non-pregnant females in this age group. The 
t-test gives ty)=2°26, 0-05 > P>0-02, which is 
a significant difference. 

Apart from the differences due to pregnancy, 
there is also a difference between the sexes to 
be observed in the age groups 15 to 40, 41 to 60, 
the difference disappearing after the age of 60. 
An analysis of variance in the age groups 
15 to 40, 41 to 60 gives a value of F=—4-69, 
P<0-:05 between the sexes, which is a 
statistically significant difference in favour 
of the females. (The pregnant females have 
been omitted from these calculations since 
their higher values would have weighted the 
female values.) 

In addition to the elimination of the sex 
difference with increasing age, there is also a 
downward trend with increasing age, the mean 
titres having fallen to 2-02 and 2-07 in the over 
60 age group. Analysis of variance between the 
three age groups gives a value of F=7-37, 
P=o0-001, which is highly significant. 


DISCUSSION 


One point of particular interest in these 
results is the absence of antibody to the 
erythrocyte-coating polysaccharide of the 
staphylococcus in the majority of sera from the 
newborn and infants up to four months of age. 
It is apparent that, in general, this antibody 
does not pass across the placental barrier, even 
though it is present in large amounts in the 
maternal circulation. This absence of placental 
transmission is in marked contrast to the 
transmission of « antitoxin, the concentration 
of which may be even higher in the blood of the 
newborn than in that of their mothers (Murray, 
Calman and Lepine, 1950). Most antibacterial 
antibodies so far investigated have been found 
to be transmitted by the placenta, although the 
titres in the infants are not always as high as in 


the mothers. Exceptions to this are the 
agglutinins to S. typhi H (Schubert and 
Griinberg, 1949) and to the H and O antigens 
of a colon bacillus (see Vahlquist, Lagercrantz 
and Nordbring, 1950) which are not transmitted. 
The staphylococcal antibody must now be 
added to these exceptions. 

It is tempting to postulate that it is the 
absence of this antibody from infants up to the 
age of four months that determines the 
differences between the clinical picture of 
staphylococcal infection in these young infants 
and that found in older children and adults. 
It should, however, be emphasized that so far 
there is no direct evidence that such is the case. 
What has been demonstrated is an immuno- 
logical difference which parallels a_ clinical 
difference. In addition, the absence of antibody 
from these infants can be correlated with their 
susceptibility to nasal colonization by 
Staph. pyogenes. In a previous investigation 
(Rountree and Barbour, 1950) it was found that 
48 of 54 infants born in hospital had become 
profuse nasal carriers of this organism at the 
age of seven days. 

In this era of antibiotic therapy it is perhaps 
unfashionable to discuss the curative value of 
antisera, but the demonstration of the absence of 
antistaphylococcal antibody from young infants 
suggests that a trial should. be made of the effect 
of adult pooled human serum on the progress of 
staphylococcal infection in these infants. Our 
results indicate that pooled adult sera should 
contain appreciable amounts oi antibody and 
it might be worth while to use such sera in an 
attempt to confer a passive immunity on infants 
suffering from fulminating infections, combining 
their use with suitable antibiotic therapy. 
Furthermore, in view of the mounting incidence 
of antibiotic-resistant staphylococci in hospital 
environments, one may foresee many cases in 
the future in which antibiotic therapy will be 
valueless. 

Apparently the presence of staphylococci 
in the noses or on the skins of young infants 
does not stimulate the production of the anti- 
bacterial antibody, since little or no antibody 
was found before the age of four months. High 
titres of the antibody were found in individual 
sera after this age and from the age of two years 
onwards most children had acquired a significant 
amount of circulating antibody. This is no 
doubt a reflection of the ubiquitous distribution 
of the staphylococci in the human environment. 

In the adult sera, both sex and age differences 
of statistical significance are apparent. The 
fall in antibody titre with increasing age 
resembles that reported for other antibodies, 
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for example, the « antitoxin (Bryce and Burnet, 
1932). The sex differences are perhaps of more 
interest, particularly their accentuation during 
pregnancy, and are suggestive of hormonal 
influences during the period of reproductive 
activity in the female. 


SUMMARY 

Antibody to the erythrocyte-coating poly- 
saccharide of the staphylococcus has _ been 
measured in a series of human sera. 

In general, the antibody is not transmitted 
from the mother to child, being seldom present 
in the newborn and in infants up to the age of 
four months. Its formation commences after 
the fourth month of life. 

During the period of reproductive activity 
in the female, and in particular during 
pregnancy, higher amounts of antibody are 
found than in males of the same age group. 
The antibody level declines in old age. 
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HASMORRHAGIC DISEASE DUE TO A CIRCULATING 
ANTICOAGULANT, WITH REPORT OF A CASE 


A. F. KNYVETT 
Department of Medicine, University of Queensland 


THE first case of hemorrhagic disease due to 
an anticoagulant was reported by Lozner, 
Joliffe and Taylor in 1940. Since then about 
20 similar cases have been reported, the only 
previous one from Australia being that of Fantl 
and Nance (1946). 

The anticoagulants arise in two classes of 
patients: (i) those with known hemophilia, 
occurring probably as a result of repeated blood 
transfusions, during which antibodies against 
the transfused “‘ antihemophiliac globulin” 
are formed; (ii) those who have _ not 
hemophilia, but who develop signs and 
symptoms indistinguishable from haemophilia. 
The pathogenesis of these cases is unknown. 

A composite scheme of the present-day 
concept of blood coagulation is given below. 


A. Slow phase : 


the present illness. It seems impossible to 
accept him as a hemophiliac. He had never 
had a blood transfusion until his hemorrhagic 
disease started, and there was no reason for iso- 
immunization to occur. There appeared to be 
no precipitating cause for his illness that could 
be discovered ante mortem or post mortem. 
The history is as follows. 


A male patient, aged forty-eight years, was admitted 
to the Professorial Unit of Medicine at the Brisbane 
Hospital on August 29, 1951. He had been perfectly 
well until six weeks before his admission, when he 
noticed vague ill health associated with aches and 
pains in the limbs, but no other symptoms. Three 
weeks before his admission to the unit he complained 
of pain in the right loin, followed the next day by 
frank hematuria. He was admitted to a country 
hospital for investigation. No abnormality was found 
other than slight anemia and a coagulation time of 


(i) Thromboplastinogen + platelet factor -— thromboplastin 


=platelet en- 

zyme=throm- 

boplastino- 
genase 


(in serum or plasma ? 
=antihemophiliac 
globulin) 


(ii) Thromboplastin + calcium + 


B. Rapid phase : 


(i) Thrombin + factor V of Owren — 


(ii) Prothrombin + 
(iii) Thrombin + fibrinogen — fibrin. 


The synonyms of the various factors are given 
as well. There appear to be two phases: 
(i) a slow phase up to the liberation of thrombin, 
and (ii) a quick phase resulting in the more 
rapid formation of further thrombin by an 
auto-catalytic process, and the formation of 
fibrin. 
REPORT OF A CASE 

The patient whose history is given below had 
no personal or family history of bleeding until 
the age of forty-eight years, and the onset of 


prothrombin + 


factor V of Owren - thrombin 

=accelerator substance of Fantl 

= plasma accelerator globulin of 
Saegers and Craddock 

=labile factor of Quick 


factor VI of Owren 


=serum accelerator 
globulin of Ware 

=serum prothrom- 
bin conversion 
accelerator (SPCA) 
of Alexander 
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factor VI of Owren — thrombin 


twenty-eight minutes by the capillary tube method. 
After an injection of morphine into the left thigh, he 
developed a very large and painful hematoma of the 
thigh extending from the hip to the knee. He was 
transferred to the Brisbane Hospital for further study. 


On examination of the patient, in addition to the 
hematoma of the leg he was found to have a fairly 
large, spontaneous, subcutaneous hematoma of the 
left side of the chest wall and left elbow region, and an 
effusion into the right superior tibio-fibular joint. His 
urine was obviously blood-stained, but the findings on 
physical examination were otherwise essentially 
normal. The tourniquet test for capillary fragility 
gave a negative result. 








a ee ee ae a 


oe a ae a 


-~_ bn ie at ak ok eee ieee eet oe a 


— ee ag ee 





HAMORRHAGIC DISEASE 85 


There was no personal or family history of hemor- 
rhagic tendency. The patient’s father is alive and 
well at the age of seventy-seven years. His mother 
died of a ‘‘cancer’’. He had two brothers and five 
sisters, and two children, all of whom are alive and 
well. He did not know the medical history of his 
grandparents, but had never heard of any “ bleeders ”’ 
in the family. He himself had never suffered from any 
bleeding tendency before. He had never had a blood 
transfusion until the present episode, and had not been 
taking any drugs. 

It was at first thought that the patient was suffering 
from acute leuchemia, but examination of the blood 
film did not support this. His blood count and the 
bleeding and coagulation times were as follows: 
On his admission to hospital, the erythrocytes 
numbered 3,000,000 per cubic millimetre and the 
hemoglobin value was 58% (8-7 grammes per centum) ; 
the platelets numbered 300,000 per cubic millimetre. 
The leucocytes numbered 6,000 per cubic millimetre, 
64% being neutrophile cells, 15% lymphocytes, 17% 
monocytes and 4% eosinophile cells. Examination of a 
blood film revealed no abnormality apart from a slight 
increase in the number of mononuclear cells. The 
bleeding time was two minutes and the coagulation 
time (capillary tube) was thirty-three minutes. By 
the Lee White method his coagulation time was shown 
to be about five hours, compared with a control of 
thirteen minutes. Addition of his blood to normal 
blood prolonged the coagulation time of the normal 
blood, and thereby showed the presence of an anti- 
coagulant. 


TaBLe I. 
Showing the Presence of an Anticoagulant. 


| Blood of | 


Patient’s Blood of | Coagulation Time. 
Blood. Control A. | Control B. (Lee White 
(Millilitres.) | (Millilitres.) | (Millilitres.) | Method.) 





2-0 0:0 — Over 4 hours. 
1°6 0°4 — | 60 minutes. 

I*2 0:8 —_ | 30 minutes. 

08 I°2 _ 18 minutes. 

o'4 1°6 = | 18 minutes. 

0:0 2:0 — | Ir minutes. 

o'5 - 1-0 | 18 minutes. 

I°5 I'o Over 60 minutes. 


It became obvious at this stage that an unusual 
condition had been encountered, and further investi- 
gations were carried out. Some of these gave the 
following results. (In particular the normal pro- 
thrombin time on several occasions should be noted.) 
The patient’s blood was of group B, Rh-positive. His 
blood urea content was 63 milligrammes per centum. 
Attempts at culture and subculture from the blood 
were unsuccessful. The amount of ascorbic acid 
excreted in the urine was within the normal range. 
A second attempt at blood culture was unsuccessful. 
The serum bilirubin content was o-3 milligramme 
per centum. The prothrombin time estimated by the 
Quick one-stage method was as follows: patient, 
19:8 seconds; control 19:2 seconds. (A comparable 
result was obtained on several occasions.) No response 
was obtained to the Eagle Wassermann test, the Kahn 
standard test or the Kline diagnostic test. Electro- 
phoresis of serum proteins by paper chromatography 
was carried out by Dr. Lederer, of the Queensland 
Institute of Medical Research, and a normal pattern 
was found. No anticoagulant was present then. 
The blood fibrinogen content was 170 milligrammes 
per centum. 


Addition of protamine sulphate to the patient’s 
blood on several occasions had no effect on the coagula- 
tion time. The anticoagulant was found to be present 
in the patient’s plasma after it had been centrifuged 
at 3000 revolutions per minute for thirty minutes. 
Addition of the patient’s blood to that of a known 
hemophiliac with a normal coagulation time produced 
no anticoagulant effect. This test was repeated with 
a second hemophiliac, but his coagulation time was 
three hours, and the results obtained were not 
significant. 


Taste II. 
Effect on Haemophiliac Blood. 


Patient’s Hemophiliac| Control Coagulation Time. 
Blood. Blood. Blood. (Lee White 
(Millilitres.) | (Millilitres.) | (Millilitres.) Method.) 
2°0 0:0 - Over 6 hours. 
I°5 o°5 — 35 minutes. 
1-o! 1-0 — 10 minutes. 
0°5 I°5 — 10 minutes. 
0:0 2'0 -- 10 minutes. 
2-0 — 0-0 Over 6 hours. 
I°5 - 0-5 | 120 minutes. 
I-o - 1-0 38 minutes. 
0°5 — I°5 16 minutes. 
0-0 2°0 12 minutes. 


1See addendum. 


A prothrombin consumption test was performed. 
Unfortunately the anticoagulant was not demonstrable 
at that stage. However, the test showed that there 
was little consumption of prothrombin in twenty-four 
hours, compared with pronounced prothrombin 
consumption in a control in one hour. The test was 
subsequently repeated with similar results. 


Taste III. 


Prothrombin Consumption Test, Quick One-Stage Method. (Anti- 
coagulant not Demonstrable at this Stage.) 


Prothrombin Time of Serum (Seconds).* 


Time after | 
Formation of a Tube (Control). Tube (Patient). 
Solid Clot. | 


I 7 3 a ee 3 
| | 
| |_| —_ |__| 
15 minutes II‘o - -= 12-0 — _ 
30 minutes 40°O | 27°0 — I2°4 12°0 = 
45 minutes 58-6 I‘O | 40°0 | 12-0 2°O | I12°4 
60 minutes 62-0 | 50-2 | 44°2 | II- ro | 11-8 


1 Prothrombin time twenty-four hours later, twenty-four seconds. 


In an attempt to detect a possible antithrombo- 
plastin, the prothrombin time was determined with 
varying dilutions of thromboplastin. 

The test was repeated, but anticoagulant was not 
demonstrable at this stage. 

Soon after the patient’s admission to hospital he 
had to be given a blood transfusion, because his 
hemoglobin value fell to just over 4-5 grammes per 
centum. Next day he fell out of bed and suffered 
extensive bruising of the right side of his body, but 
fortunately did not strike his head. Subsequently he 
had to be given transfusions on many occasions because 
of a falling hemoglobin value. Within three weeks of 
his admission to hospital he had lost his anticoagulant, 
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and it was thereafter impossible to demonstrate its 
presence, although his coagulation time remained 
persistently long. 


TABLE IV. 


Prothrombin Time Estimated by Varying Dilutions 
of Human Thromboplastin (Prepared According to 
Quick’s Method).* 


Prothrombin Time. 





Dilutions of | (Seconds. ) 
Thromboplastin. es oat 
Control. Patient. 
| 

Undiluted is 15'0 15°0 
1/200 “ » 30°5 41°0 
1/500 a s 38-6 55°0 
1/800 Aaa “6 45°4 71°4 
1/1000 ie a 50-2 93°4 
1/4000 - a 59°8 113-0 
1/8000 < - 67-4 143°0 





1 Addition of a considerable excess of rabbit 
thromboplastin to plasma which had _ been 
standing, but unclotted, for about thirty minutes, 
caused almost immediate clotting. 


TABLE V. 


The Test Recorded in Table IV Repeated. (Anticoagulant 
not Demonstrable at this Stage.) 


Prothrombin Time (Seconds). 
Dilutions of 
Thromboplastin. | 


Control A. | Control B. 


Patient. 





Undiluted site 18-2 17°6 17°8 
1/200 .. oe 31°4 2°6 30°0 
1/500 .. és 42°0 2°6 37°0 
1/800 .. “ss 55°90 54°2 50°4 
1/1000 se 57°0 57°4 60-0 
1/4000 fs 105'0 95°0 75°0 


From this point on his “ laboratory behaviour’ 
was that of a hemophiliac, although his clinical course 
was not. The coagulation times were persistently 
prolonged, as is shown in Table VI. However, the 


TaBLe VI. 
Coagulation Times. 


| 
Date. | 





Coagulation Time. 





Approximately 
28. 8.51 | 28 minutes (capillary tube method). 
30. 8.51 | 33 minutes (capillary tube method]. 


3. 9.51 5 hours (Lee White method). 
II. 9.51 6 hours (Lee White method). 
21. 9.51 15 minutes (Lee White method). 
26. 9.51 | 50 minutes (Lee White method). 
15.10.51 30 minutes (Lee White method). 
23.10.51 25 minutes (Lee White method). 





addition of normal blood to the patient’s blood reduced 
the coagulation time to normal on many occasions. 
A typical example is shown in Table VII. The pro- 
thrombin consumption test still gave a result of 
hemophiliac type. 

Three weeks after his admission to hospital the 
patient developed an enormous spontaneous hematoma 
in the tissues of the back and the left shoulder. This 
was exceedingly painful, and lasted for many weeks. 
His coagulation time the morning after this was fifteen 
minutes, the lowest it had ever been, 


In contradistinction to the effect in haemophilia, 
blood transfusion had no effect in stopping the bleeding 
in this or any other hemorrhagic episode. 


Six weeks elapsed before the next hemorrhage 
occurred, and during that time the patient made a 
good clinical recovery despite occasional blood trans- 
fusions for a falling hemoglobin value. During this 
time all attempts to demonstrate an anticoagulant in 
appreciable quantities were futile—addition of normal 
blood in the test tube always produced a normal 
coagulation time. 


TaBLe VII. 
Coagulation 
Patient’s Control’s Time, Lee 
Blood. Blood. | White Method. 


(Millilitres.) | (Millilitres.) 


(Seconds.) 


20 0:0 40 minutes. 
2°0 0-0 | 35 minutes. 
I°5 o'5 7 minutes. 
1-0 axe) 7 minutes. 
o°5 I°5 7 minutes. 
0:0 2°0 7 minutes. 
0-0 2°0 7 minutes. 


On November 7 he developed a large hematoma on 
the left arm, again without any cause. The end came 
on November 14, when he developed a hematoma in 
the floor of his mouth. This increased slowly over a 
period of about twenty-four hours, and finally caused 
complete respiratory obstruction. The patient was 
given continuous transfusions over this period, and in 
fact had received a litre of blood on the day before the 
obstruction occurred. An attempt was made to 
evacuate the hematoma through the floor of the 
mouth, but the blood was diffusely distributed through- 
out the tissues and could not be removed. When 
obstruction became complete, a tracheotomy was 
performed at the bedside and respiration was reestab- 
lished for some hours, but the patient then died. 


On the basis of the scheme already given, 
some attempt may be made to find the site 
of action of the anticoagulant. (i) The calcium 
level never falls sufficiently to affect the clotting 
mechanism in life, so a deficiency here can be 
ruled out. (ii) The presence of a heparin-like 
substance is ruled out because of the failure of 
protamine sulphate to affect the coagulation 
time. (iii) The fibrinogen level, although rather 
low, was not sufficiently reduced to affect the 
coagulation time, nor would a deficiency act 
as an anticoagulant. (iv) The normal pro- 
thrombin times almost certainly rule out a 
deficiency of prothrombin or of factor V. 
(v) The platelets were normal in number, and 
a deficiency would act as an inhibitor of coagula- 
tion time, but not as an anticoagulant. 
(vi) The clot when produced appeared to be 
normal, clot retraction occurred normally, 
and there was no evidence of fibrinolysis of a 
formed clot. (vii) A deficiency of factor VI 
alone would not act as an anticoagulant. 
(viii) The addition of a considerable excess of 
thromboplastin rapidly produced a normal clot, 
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so presumably the amount of thrombin formed 
was normal. (ix) This leaves a deficiency of 
thromboplastin or one of its precursors, caused 
by the presence of a substance acting against 
it. Since the patient was not a hemophiliac, 
there seems no reason to suppose a deficiency 
of antihemophiliac globulin. The fact that 
the patient’s blood had no anticoagulant effect 
against hemophiliac blood suggests that the 
anticoagulant may have been directed against 
this globulin. The lengthening of the pro- 
thrombin time with increasing dilutions of 
thromboplastin suggests that the anticoagulant 
may have been an antithromboplastin, this 
being overcome by the addition of a considerable 
excess of thromboplastin. 

It was not possible to go past this stage. 
There were many further investigations which 
it was hoped would be carried out, but they 
could not be performed, because after about 
three weeks the anticoagulant could no longer 
be demonstrated. Why in _— subsequent 
laboratory investigations the patient behaved 
as an apparent hemophiliac is not known. 
Certainly his clinical picture, particularly his 
failure to respond to blood transfusion, was not 
that of hemophilia. Possibly the anticoagulant 
was present in small quantities, which were 
sufficient to prolong the patient’s coagulation 
time, but were overcome by the addition of 
small quantities of normal blood, which usually 
contains an excess of all essentials to normal 
clotting. 
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ADDENDUM 


All investigations were carried out in glass 


tubes at room temperature with normal 
controls. Silicone coated tubes were not easily 
available. No antihemophiliac globulin was 
available. The hemophiliac whose blood had a 


coagulation time of ten minutes has a well 
authenticated family and personal history of 
hemophilia. It is difficult to account for the 
third entry in the first column of Table II, but 
it is included for the sake of completeness, as 
it represents what happened. 











Che Royal Australasian College of Physicians 


WENTY-ONE years ago a small band of 
physicians met in Melbourne to found, under 
the presidency of Sir Richard Stawell, The 
Association of Physicians of Australia. The 
object of this body was to promote and maintain, 


through personal friendship and mutual inter- 
change of knowledge and ideas, the high ethical 
and professional standards of practising 
physicians. Membership was originally limited 
to fifty persons who were teachers of clinical 
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medicine and physicians of high professional 
attainment, but it soon became evident that 
the privileges and benefits of the Association 
should be shared more widely. To this end it 
was decided that the Association should found 


ft 


a College of Physicians along the lines of 
similar institutions in Great Britain and 
elsewhere. 

Encouraged by the good wishes of other 
Colleges throughout the English-speaking world, 
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the first Council, with Sir Charles Bickerton 
Blackburn as President, and the Foundation 
Fellows undertook the responsibility of estab- 
lishing the new College and on April I, 1938, 
The Royal Australasian College of Physicians 
was legally incorporated. The ceremony of 
inauguration was held with fitting ritual in the 
Great Hall of The University of Sydney on 
December 14, 1938. Sydney was chosen for the 
headquarters of the College and here, in a 
building of early colonial architecture, an 
appropriate home was formally opened in 
September 1939. The darkening shadow of 
war fell on this celebration but during the 
following years the College continued its 
activities, enlarging its Membership and main- 
taining the standards of medical scholarship. 
The essential aims of the College are to 
promote a scientific approach to the problems 
of disease, to bring physicians together for their 
common benefit, to enhance their service to the 
nation and to promote medical research. These 
aims are achieved not only by the holding of 
general meetings and examinations in Australia 
and New Zealand, but also by professional and 
social activities in the Dominion and _ the 
individual States which keep the flames of 
friendship and learning aglow in each centre ; 
by the encouragement of post-graduate study, 
in particular through personal contact with 
distinguished teachers from overseas; by the 
provision of scholarships; and by long-range 
plans for medical research. The generosity of 
public-spirited men and of Fellows and Members 
has made research a practical and valuable 
project of the College. The alliance of clinical 
medicine with the advance of science requires 
a dissemination of both the spoken and written 
word, and while its debates on medical questions 
are the modern counterpart of the teaching of 


the peripatetic philosophers of ancient culture, 
the responsibility of the College is the greater 
as it sets forth its work and its views in print. 


The Membership examination, with its strict 
requirements of learning and clinical skill 
demanded by the first Censor-in-Chief, S. O. 
Cowen, and his colleagues and_ successors, 
has already had a salutary influence on 
Australasian medicine. In this respect and in 
others relating to professional standards, the 
Dominion branch of the College in New Zealand 
has played an active and important part. 
Following the example of the Royal College of 
Physicians of London, the Fellowship is granted 
to distinguished physicians and senior Members 
after election by the General Body of Fellows. 

At the beginning of 1952, 289 Fellows and 
358 Members made up the ranks of the College. 
Of these, 230 Fellows and 295 Members were 
resident in Australia, 52 Fellows and 59 Members 
in New Zealand, and 7 Fellows and 4 Members 
in countries overseas. 

The office of President has been held in 
succession by Sir Charles Bickerton Blackburn, 
of Sydney, 1938-1940; Sir Sidney Sewell 
(deceased), of Melbourne, 1940-1942; Sir 
Trent Champion de Crespigny, of Adelaide, 
1942-1944; Harold Ritchie, of Sydney, 
1944-1946 ; S. A. Smith, of Sydney, 1946-1948 ; 
L. S. Latham (deceased), of Melbourne, 
1948-1950; and A. W. Holmes a Court, of 
Sydney, 1950-1952. 

The College holds an annual meeting and an 
ordinary meeting in each year. Most of these 
have taken place in Sydney and Melbourne, but 
others have been held in Auckland, Brisbane, 
Adelaide and Perth. A report of the ordinary 
meeting held in Perth in October 1951 is given 
in the following pages. 
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An Ordinary Meeting of the College was held in 
Perth on October 16, 17, 18 and 19, 1951. It was 
attended by 42 Fellows and Members representing 
all States of the Commonwealth. The vast distance 
of New Zealand from Perth prevented the attendance 
of members of the College from the Dominion. 


SCIENTIFIC SESSIONS 
CyRIL ForTUNE (Perth) opened the first Scientific 
Session with a paper entitled ‘‘ Vascular Abnormalities 
in the Lung”’ (page 42). 


A. J. M. Dosson (Hobart) discussed ‘‘ Prognosis in 
Chronic Nephritis ’’, basing his views on 80 cases of 
nephritis studied in detail at the Royal Hobart Hospital 
during the previous six years. As it was possible to 
classify only 50 of these cases, Dr. Dobson emphasized 
the need for gauging prognosis in the light of a review 
of factors in the individual case rather than its deter- 
mination on the basis of a given type. He called 
attention to the significance of the association of 
formed elements in the urine with albuminuria. 
Albuminuric retinopathy was compatible with a longer 
period of life for patients than the usual two years 
begrudged to them as was proved by two patients 
who survived five years after this sign had been first 
recognized. The value of tests of renal function 
was discussed at some length and the need for an 
over-all review of a series of the same or different 
tests was emphasized. The ability of the kidneys to 
secrete a urine of a specific gravity of 1020 or more was 
no excuse for the abandonment of all other tests of 
renal function. The speaker maintained that the 
nature of the anemia of chronic nephritis bore some 
relation to the prognosis and he adduced evidence to 
show that in most instances it was a hyperplastic 
anemia associated with a maturation arrest at the 
prenormoblast or the normoblast stage. The paper 
was illustrated by colour photomicrographs of kidney 
sections, blood films and bone marrow biopsies. 


A. J. Barnett (Melbourne) delivered an address 
entitled “‘“The Rdle of the Sympathetic Nervous 
System in Essential Hypertension ’’. Discussing the 
mechanism by which the normal blood pressure was 
maintained, he called attention to the importance of 
the control of tonus in the peripheral arterioles. After 
discussing the influence of the sympathetic nervous 
system and of endocrine and other humoral factors, 
and an intrinsic property of the vessel wall as possible 
agents in the control of vessel tonus, he came to the 
conclusion that the present evidence was insufficient 
to accept any one of them as the cause of the main- 
tenance of tone. He assumed that the blood pressure 
in essential hypertension was also the result of increased 
vascular tone, though the possibility of increased 
cardiac action could not be entirely excluded. The 
effect of sedation and the cold pressor tcst on hyper- 
tension, and the therapeutic response to lumbo-dorsal 
sympathectomy and ganglion-blocking agents, sug- 
gested that the sympathetic nervous system played 
some part at least in the arteriolar hypertonus. At 
the same time the experiments of Selye, who induced 
hypertension by means of suprarenal substances, 


go 


suggested that these too might play a part. Finally 
the experiments of Goldenberg who demonstrated a 
greater vascular response to noradrenaline by hyper- 
tensive subjects than that shown by normal persons, 
suggested that there was an increased _ irritability 
inherent in the hypertensive arteriole. Integrating 
these observations, Dr. Barnett proposed an hypothesis 
that as a result of such factors as heredity or suprarenal 
activity, the vessels of the hypertensive patient are 
abnormally responsive to the normal level of 
sympathetic activity or of circulating epinephrine. 

RUTHVEN BLACKBURN (Sydney), for the Clinical 
Research Unit of the Royal Prince Alfred Hospital, 
gave ‘‘A Preliminary Report on the Experimental 
Production of ‘Lower Nephron Nephrosis’’’. Con- 
trolled intravascular hemolysis had been induced in 
human beings by the infusion of distilled water into 
peripheral veins. Observations had been made on 
the changes in glomerular filtration rate (measured 
as inulin clearance), effective renal plasma flow 
(measured as low concentration ‘‘ Diodrast ’’ clearance), 
and urine flow in relationship to plasma and urine 
hemoglobin concentrations. Marked oliguria had 
occurred, urine flow being reduced to less than 1% 
of the control values. At the same time the apparent 
renal plasma flow had decreased considerably and, 
to a lesser extent, the apparent glomerular filtration 
rate. The systemic blood pressure, pulse rate, and 
temperature had been unchanged. These results 
had been interpreted as indicating the existence of 
constriction of the renal arterioles, efferent rather 
than afferent, and disturbance of tubular function. 
The changes were similar to those observed in ‘‘ lower 
nephron nephrosis’’ following incompatible blood 
transfusion. Determination of extraction ratios of 
inulin and ‘“‘ Diodrast ”’ together and further investiga- 
tions of the renal effects of intravascular hemolysis 
are in progress. 

J. L. Frew (Melbourne) delivered a paper entitled 
“Renal Biopsy in Hypertension ’’ and GERALD Moss 
(Perth) discussed ‘‘ Cerebral Angiomatous Mal- 
formations ”’ 


CLINICAL MEETING 


A clinical meeting was arranged at the Royal Perth 
Hospital by Bruce Hunt and John Phillips. 


COLLEGE CEREMONY 


A Ceremony was held in the Winthrop Hall of the 
University of Western Australia in the presence of the 
State Administrator, Sir John Dwyer. The audience 
of 500 guests included Fellows and Members and their 
wives, representatives of the Government of Western 
Australia and many prominent citizens of Perth. 


The President (A. W. Holmes 4 Court) welcomed the 
visitors and delivered a short address. He said this 
was the first meeting of the College to be held in Perth. 
He reviewed the history of the establishment of the 
College and indicated the purposes for which it was 
founded, namely, the promotion of a scientific attitude 
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to the problems of disease, the maintenance of the 
highest professional standards and the development of 
medical research. 

The guest speaker was Professor Frederick Alexander, 
Professor of Modern History in the University of 


Western Australia, who gave an address entitled 
“ Australia’s Rdéle in the Contemporary Common- 
wealth ” (The Medical Journal of Australia, January 5, 
1952, page 1). Guests were entertained at supper in 
the Union Refectory. 





COUNCIL MEETING 


The Council met in the Senate Room of the 
University of Western Australia on October 16 and 17, 
1951. At the invitation of the President there were 
also present the Chairman and the Honorary Secretary 
of the Western Australian State Committee, Gordon 
Hislop and Kendall Pawsey respectively. 

Election of Office-Bearers, 1952-1954. The following 
were elected by the Council to take office in May 
1952: 

President ; -Alex P. Murphy 

Vice-Presidents: J. G. Hayden, Guy Lendon, 
I. McD. Allen 

Censor-in-Chief : C. G. McDonald 

Honorary Treasurer: W. P. MacCallum 

Honorary Secretary : H. Maynard Rennie. 


Incidence of Coronary Disease in Western Australia. 
The question of the growth in the incidence of coronary 
disease in Western Australia had been raised in a 
letter from the Commissioner of Public Health in that 
State in which he invited suggestions from the College 
regarding the causes of the increase and any remedial 
measures which might be adopted to combat it. A 
survey of death certificates had led to the view that 
there was a mounting incidence of coronary disease in 
Western Australia. Reports prepared by the Depart- 
ment of Health in Western Australia had been 
forwarded to the College, which had appointed a 
sub-committee to investigate the matter. The members 
of the sub-committee, with the assistance of the 
Consulting Statistician to the National Health and 
Medical Research Council, Dr. H. O. Lancaster, had 
investigated the whole question and their report was 
now before the Council. In the discussion the opinion 
was expressed that views on the subject were so 
conflicting and so many factors were involved in the 
whole question of coronary disease that the College 
should not at the present time attempt to give any 
clear opinion of the questions raised. 


Publication of ‘‘ Australasian Annals of Medicine ’’. 
It was decided to proceed with the publication of a 
journal of internal medicine and the allied sciences 
which would incorporate and replace the “‘ Proceedings 


of The Royal Australasian College of Physicians ’’. 


An arrangement was therefore entered into with the 
Australasian Medical Publishing Company, Limited, 
whereby a journal under the title of AUSTRALASIAN 
ANNALS OF MEDICINE should be published for the 
College twice yearly in the months of May and 
November, the first issue to appear in May 1952. 


Admission of Members. The following were admitted 
to Membership of the College in October 1951: B. T. 
Dowd, H. M. Landecker, A. A. Young, of New South 
Wales; R. T. J. Galbally, T. H. Hurley, A. W. 
Venables, of Victoria; R. B. Lefroy, of Western 
Australia; A. E. Erenstrom, C. H. Garlick, T. H. 
Pullar, of New Zealand. 


Travelling Scholarship. An anonymous foundation 
to provide for a travelling scholarship was gratefully 
accepted by the Council. The purpose of the scholar- 
ship is to improve scientific knowledge and teaching 
in Australia and New Zealand. The scholarship, 
which has a value of {1,200 Australian currency, may 
be awarded each year for a period of five years to a 
Fellow or Member of the College. Each scholar will 
be asked to give an undertaking to return to Australasia 
to carry out the purposes of the foundation. 


Increased Representation of New Zealand on the 
Council. The Council resolved to submit to a general 
meeting a recommendation that the Articles of Associa- 
tion be amended to provide an increased representation 
from the Dominion of New Zealand upon the Council. 
It is proposed that the Dominion shall in future be 
represented by two elected Councillors in addition to a 
Vice-President. 

Control of Cortisone in Australia. At the request 
of the Department of Health and the Department of 
Trade and Customs the College has cooperated in the 
control and allocation of supplies of cortisone through- 
out Australia. 

Research Activities. The Council adopted the report 
of the Research Advisory Committee. This included 
reference to the work on hypertension being carried 
out at St. Vincent’s Hospital, Sydney, by F. B. Byrom. 
A grant in aid had been made to Dr. Byrom by the 
College. Other grants are available to approved 
applicants engaged in either full-time or part-time 
research. 





GENERAL 


Obituary. The Council reports with regret the 
death of Dr. F. S. Hone of South Australia, and Dr. 
Frank Fitchett of New Zealand, who were Fellows of 
the College ; and of Dr. S. G. Bradfield of New South 
Wales and Dr. Martin Alexander of England, who were 
Members of the College. 


Honours. The Council records its pleasure at the 
awards of honours to the following Fellows of the 
College : Sir Samuel Burston, K.B.E., Air Commodore 
E. A. Daley, C.B.E., and Surgeon-Captain D. A. 
Pritchard, C.B.E. 


Scholarships. The Wunderly Travelling Scholar- 
ships in Thoracic Disease were awarded for 1952 to 
A. H. Campbell of Victoria and G. L. Brinkman of 
New Zealand. 

The Joseph Thornton Tweddle Research Scholarship 
for 1951 was awarded to A. W. Steinbeck. 

The Margaret Ryan Scholarship in Medicine at St. 
Vincent’s Hospital, Melbourne, for 1951 was awarded 
to M. A. Griffin and the T. F. Ryan Scholarship in 
Medicine at The Royal Melbourne Hospital for 1951 
was awarded to R. H. Stanistreet. 
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of the College, which now totals £58,775 1s. 6d., have 
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Gowing Bros. Ltd. 
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